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EDITORIAL 
THE NEW SECRETARIAT 


The long contemplated event has been consummated. The 
Society through its Board of Trustees has taken the step that 
should assure continued development along the line of larger 
service. 

Under contract dated July 1 and approved by the Board of 
Trustees July 8, Mr. Ross C. Purdy was employed as Organiz- 
ing Secretary for the remainder of the year. At the beginning 
of the ensuing year he will become the General Secretary of 
the Society in which office the duties covered by the term Or- 
ganizing Secretary will also be absorbed. 

This decision was reached only after careful consideration 
of expressions from the Society including a favorable report by 
the Committee appointed at the last annual meeting and com- 
munications from a large number of the Society’s membership. 

It is well known that many in close contact with the Society’s 
problems have been looking forward to the time when the em- 
ployment of a full-time Secretary could be undertaken. They 
have regarded the creation of this office as an event in the nor- 
mal program of development. This move is not one in which 
spectacular membership campaigning, or mushroom activities 
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will be a feature. The office has been created largely to meet 
a need that is already being made manifest by requests coming 
from organizations of industries themselves, indicating a ser- 
vice in which the Society must at once take leadership or jeop- 
ardize rightful position in its relation to the clay industries. 
I refer to the field that may be included under the term Codéper- 
ative Research. From this field the Divisions that flourish 
must draw their sustenance. Perhaps in some instances this 
must also provide new life to Local Sections. 

The duties of the Secretary are not confined to the activity 
above emphasized, his duties being those prescribed by 
the special committee, later including those of general secre- 
tary, also “‘Such other duties as may be from time to time pre- 
scribed.” 

In the creation of this office the Society should be able to 
properly organize and supervise its underlying and fundamen- 
tal activities. This, done in proper relationship with the in- 
dustries, the problems of membership, finance, contributions 
to the Journal, and general interest and support, will find ready 
solution. 

In forwarding this most important service the Society is very 
fortunate in securing the services of Mr. Purdy, who in the 
words of the special committee, ‘possesses the necessary quali- 
fications of ability, leadership, zeal and energy to the fullest 
extent.” 


However, let no one of our members and officers presume 
that the burden of responsibility to the Society is lessened. 
The same necessity for personal interest, and devotion of thought 
and effort exists as before. The Society now has employed un- 
der the direction of the Board of Trustees an agency whereby 
the power to do and to serve is markedly increased. 


The earnest coéperation of all concerned will enable the So- 
ciety to rise to new and higher standards of attainment. 


F. K. PENCE 
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In response to the requirements of the times and the expressed 
desire of the Society, the Board of Trustees has employed a 
Secretary to serve the remainder of this calendar year as Organ- 
izing, and next year as General Secretary. The object of em- 
ploying an Organizing Secretary is none other, neither more nor 
less, than the object for which the Society was founded, and 
for which, for twenty-two years, it has been maintained :—‘‘to 
advance the ceramic arts and sciences.”’ 


The organizing work of this secretary, as distinct from that 
which Prof. Binns is so efficiently doing, can be generalized in 
the words of the special committee in its report to the Board 
of Trustees, which report was accepted, and approved, and 
the section under caption—‘‘Duties of the proposed permanent 


Secretary’’—made a part of the contract of employment. 

These, in part, are: 

It should be the duty of the Organizing Secretary to assist the officers 
of the divisions in planning the work and executing the tasks undertaken. 
He should report to the Board of Trustees upon the status of the divisions 
at the expiration of every quarter. He should be charged with the duty of 
supporting and supplementing the work of the Committee on Membership 
and may be authorized by the Board of Trustees to undertake and pros- 
ecute such additional measures which promise to increase the membership 
of the Society, both individual and corporate. 

It should be the duty of the Organizing Secretary to assist the Committee 
on Papers and Program in securing contributions of merit and in every way 
possible, to aid in improving the program of the meetings and bringing before 
the membership topics of vital and timely interest. 

It should be the duty of the Organizing Secretary to work towards the 
establishment of codperative researches, conducted under the auspices of 
the divisions of the Society, and supported by associations or groups .of 
manufacturers, or single corporations. He should be charged with the duty 
of preparing research agreements, subject to the approval of the Board of 
Trustees. All disbursements made from funds made available to the So- 
ciety for research purposes should be made by the Treasurer. 

It should be the duty of the Organizing Secretary to aid the Division Offi- 
cers in formulating research problems. It should be his duty likewise to super- 
vise the prosecution, reporting, and publication of such researches, unless 
other supervision is provided for by the Division of the Society, and to report 
to the Board of Trustees, upon the progress of such work monthly. 
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It should be the the duty of the Organizing Secretary to maintain friendly 
relations with the associations of manufacturers and similar organizations, 
to address them on the subject of the work of the Society and related topics 
and to secure their coéperation in our several fields of endeavor. 

This officer should be charged also with the duty of assisting in the prepa- 
ration for meetings of the Society, the securing of suitable quarters and neces- 


sary equipment. 

It is important to note that the scope of the Organizing Sec- 
retary’s authority in all these matters is limited to ‘‘assisting,” 
“supplementing,”’ ‘‘supporting’”’ and “‘aiding.” He is to en- 
courage, promote and execute only by the authority of, in the 
name of, and through the Board, the Committees, the Local 
Sections or the Divisions, as each case will require. In other 
words, he is merely to assist, support, aid and supplement the 
existing agencies already provided for by the Constitution and 
By-Laws. 

The Organizing Secretary is a representative of the Board of 
Trustees, and therefore, such authority as may be possessed by 
him shall be only that granted to him by the Board. ‘This same 
limitation is placed on all the executive officers of the Society: 
the President having ‘“‘general supervision of the affairs of the 
Society under the direction of the Board of Trustees,’’-—and— 
‘‘can countersign checks drawn by the Treasurer when such drafts 
are known by him to be proper and duly authorized by the Board 
of Trustees.” 

The Standing Committees, Local Sections and Divisions have 
duties and authorities given by the Constitution and By-Laws 
that are their own, and of kinds that are wholly apart and dis- 
tinct from those possessed by the Board. But, the Constitution 
says that ‘“‘on failure of any officer or any member of a commit- 
tee to execute his duties within a reasonable time, the Board of 
Trustees, after duly warning such person, may declare the office 
vacant and appoint a new incumbent.’ With the possession 
of this authority on part of the Board there is a corresponding 
responsibility of seeing to it that the Committees, Local Sections 
and Divisions perform their tasks, hence it is well that the 
Board, through its representative, the Organizing Secretary, shall 
“assist,” “‘advise’”” and ‘‘supplement”’ in whatever is undertaken 
by the Committees, Sections and Divisions. 
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By the appointment of an Organizing Secretary to serve in 
the capacity of an assisting and supporting supervisor of the 
work of the Committees, Sections and Divisions, the Board of 
Trustees, for the first time, has a means of coérdinating and uni- 
fying the work of the entire organization on the one general 
program of advancing the ceramic arts and sciences. That dis- 
tribution of responsibilities, and those unrepressed and unstinted 
opportunities for service by each independent unit in the organ- 
ization, which should and which do characterize this Society, 
is in no way curtailed. On the other hand, there is assured, 
as far as it is humanly possible so to do, to each Industrial Di- 
vision, Section and Committee, that freedom of development 
along lines of its own choosing, which is so essential to hold- 
ing the interest of, and obtaining the full support of, the indi- 
vidual members without danger of any of them losing sight of 
the common interests and mutual purposes for which they have 
joined together in support of the Society as a whole. 

Emphasis should be placed on the fact that the Organizing 
Secretary can not and will not relieve the Committeemen or the 
Officers of the Local Sections, and Divisions, of their responsi- 
bilities. The limit of the Secretary’s activities is assisting, sup- 
porting and promoting; in other words, a general supervision 
of the technical work of the Society. 

The Board is more concerned with the general business of 
the Society, while the Committees, Sections and Divisions are 
engaged in specific fields more directly concerned with attain- 
ing the ultimate object of the Society, that of ‘advancement 
of the ceramic arts and sciences.”’ This division of responsi- 
bilities gives the Society two groups of executive officers, (1) the 
general supervising and managing (the Board) and (2) the tech- 
nical (Committees, Sections and Divisions). 


The need is recognized for the full time service of an officer 
to assist the Committees, Sections and Divisions (not to do their 
work) in such service as will build the Society up to the strength 
and the position of being recognized by the ceramic industries 
and by the other technical associations, and the Bureaus and 
Colleges as the pivotal unit, the prime mover in the promo- 
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tion of ceramic arts and sciences as it was in the earlier years 
under less developed conditions. This necessitates the keep- 
ing of each and every member in close working contact with 
the Society, and the Society, in turn, in close working understand- 
ing with the other ceramic associations and the users of ceramic 
products, codperation with other national technical organiza- 
tions in those endeavors in which the ceramic groups have rea- 
son to be interested. 

One such activity is coéperative research. Research financed 
by associated corporations is in vogue today, whereas in former 
years the industries supported general ceramic research with- 
out regard to special applications. As the industries progressed 
in things technical, they learned the value of joining by groups 
in financial support of researches in which they were particularly 
interested. ‘Thus their support of and interest in scientific and 
technical research gradually shifted from general to specialized 
investigations. The advantages of group specialization, emphasized 
as they were by war conditions, was recognized by the American Cer- 
amic Society through its establishment of Industrial Divisions. 

These Divisions have succeeded or failed according to the 
quality and the continuity of executive attention given by the 
Division Officers, and also according to the extent to which 
they have enlisted their particular group of manufacturers in 
the support of scientific and technical research. It is to cor- 
rect these shortcomings that the Organizing Secretary was ap- 
pointed, for the success or failure of the Divisions is the success 
or failure of the Society as a whole in serving the different groups 
of ceramic industries. 

The American Ceramic Society has been and will continue 
to be the principal agency for the advancement of ceramic arts 
and science. In the early days when there was but the one 
collegiate department of ceramics, no federal bureaus, and when 
the manufacturers were jealous of their trade secrets, Prof. Ed- 
ward Orton, Jr. did a great service to the Ceramic Industries 
when he persuaded a few ceramic workers to join in the founding 
of the American Ceramic Society. Since 1899 this Society has 
continued steadfast to its original purpose, and was and is de- 
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serving, and enjoying the support of the Ceramic Industries 
with the result that today our Industries are second to none and 
equal to any in the world in technical attainments. 

It is intended that this Society shall continue as the leading 
agent for the advancement of Ceramic Technology, and it is 
assured that each Division will enjoy in this purpose the full 
coéperation and backing of its respective group of manufac- 
turers with the same zeal and for the same purposes with which, 
in previous years, the Society as a whole was supported. 

That all this may be realized and thus the purposes and hopes 
of Prof. Orton and his collaborators carried to full fruition, 
the Board of Trustees has elected a full time Secretary and given 
emphasis to the organizing duties as distinct from the rou- 
tine; and it is to the carrying through of this program that I, 
the elected Secretary, pledge my ability, zeal and singleness 
of purpose, and it is to this that the full codperation of each 
and every member of the Society is asked. 

Ross C. PuRDY 


ORIGINAL PAPERS AND DISCUSSIONS 


THE COMPOSITION OF BARIUM GLASS! 
By RoBERT J. MONTGOMERY 
ABSTRACT 

In this paper the relation between the composition of barium glasses and 
the optical constants is discussed as well as the general rules for proportioning 
batches. The important results and conclusions are given by the figures 
After the required amounts of BaO and BO; have been obtained from figures 
2 and 3, the amount of SiO2 can be obtained from figure 5, the alkaliand ZnO 
from figure 7 and the Al.O; from figure 8. If the total exceeds 100, the ZnO and 
the Al,O; may bereduced. The proportions cannot be as definitely expressed 
as in the case of lead glasses and more experience is required to enable one to 
change the optical properties at will. 


Introduction 
In a previous paper,” the optical glasses whose main component 
is lead were discussed. The present paper covers another section 
of the optical glass field and includes those glasses whose properties 
are dominated by their barium oxide content. The composition 
of barium glasses is not as easily covered as that of lead glasses, 
because of the greater complexity of the batch. With lead glass 
we have essentially a three component system of alkali, lead and 
silica, while in barium glasses we have a second acid (B2Q;) in- 
troduced, as well as A1.03; and a more comlpicated RO containing 
zinc and calcium in addition to alkali and barium. The zone 
covering the relation of optical properties to composition, which 
is narrow in the case of the lead glasses, is here much wider with a 
dispersion, as expressed by the v value, ranging from 54 to 61 and 
an index of refraction for the D line, from 1.50 to 1.63. The com- 
position is further complicated by the use of lead in the baryta flint 
1 Received April 2, 1921. 
2 JOURNAL, 3, 900 (1910) 
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glasses. These lie between the typical barium glasses and the 
lead glasses proper and their composition will not be discussed 
in this paper. In the paper on lead glasses referred to above the 
compositions were discussed on the equivalent weight basis be- 
cause of their simplicity. With barium glasses it was found that 
little or nothing was gained by employing the equivalent weight 
basis because of the complexity of the glasses. There are no 
simple relations between composition and optical properties and 
the relations observed have to be expressed in more general terms. 
For this reason the composition will be given in weight per cents 
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of the oxides present. The optical properties referred to are the 
refractive index for the D line, Np, and the reciprocal dispersion 
or constringence v, defined by the equation. 

In figure 1 are plotted the optical properties of 28 typical barium 
glasses whose compositions are given in table 1. These extend 
from the ordinary crown glass as a base through the barium silicate 
crowns, and the dense barium crowns to the densest barium crown. 
The relation of these glasses to the general field may be seen by 
referring to the chart given in a previous paper.' The baryta 

1THIS JOURNAL, 3, 404—10(1920). 
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Allen and Zies, Ibid, 1, 739(1918); Doelter’s ‘Handbuch der Mineralchemie.” 
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light flint. telescope flint and soft silicate crown are omitted because 
of the lead content although they contain considerable barium. 
Only one barium silicate crown glass was available but the others 
used are selected from a great many obtained from experimental 
melts in our plant, and from published information. On first 
consideration the scattered positions of the points seem to show 
little regularity. A further study reveals certain underlying 
relations and these will now be discussed. 
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BaO vs. Optical Properties 


When it is desired to increase the index of refraction in a soda- 
lime glass without lowering the v value, barium is used. The dis- 
persion is not affected to any extent by the barium and we may 
have more than 40 per cent BaO in glasses whose v values vary 
only from 53 to 60. The line A-A in figure 1 shows the effect 
of the addition of barium to a soda-lime glass. The vy value de- 
creases not because of the increased barium but because of the de- 
crease in SiOz which the barium displaces. The normal index of re- 
fraction of a soda-lime glass is about 1.51, largely due to its content 
of silica which has an index of 1.4585. It may be raised as high as 
1.52 to 1.53 by the addition of lime, but above this point we have to 
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resort to barium if the vy value is not to be lowered. The relation be- 
tween the increase of index and the barium content is very nearly 
a straight line as the barium increases up to 40 or 42 per cent. 
This relation is shown graphically in figure 2. Above 42 and up 
to 54 per cent, which is about the maximum in these glasses, very 
little change in index is noted, the line becoming practically 
horizontal. ‘The points do not lie as closely to the line as could 
be wished, but as the index is affected by the other constituents 
the variation is not unexpected. Glass number 17 contains 3 
per cent of PbO which is responsible for its rather high index. 
Barium cannot be studied without the introduction of B»O3, since 
with the higher percents of BaO, boric acid is necessary in order 
to prevent crystallization on cooling. The effect of B.O; will 
therefore be shown next in conjunction with SiO, as both have to 
be considered together in a discussion of optical properties. 


B.O; and SiO, vs. Optical Properties 


In considering the effect of these two materials their optical 
properties must be kept in mind. ‘They are as follows: Boric 
acid glass Np 1.468, v 59.4; Silica glass Np 1.4585, v 67.9. 

Their influence on the optical properties of glass are quite con- 
sistent except in one case. In a high BaO glass, SiO, will iower 
the index more than will B,O;. For some unknown reason an 
addition of B2O; will often raise the index of refraction in both bar- 
ium and lead glasses when the index is about 1.60. It very seldom 
causes a drop in index although the index of boric acid glass is low. 

Soda-lime glasses and glasses of this general type containing 
small amounts of barium are dominated by the properties of 
silica, and have an index of about 1.518 and a v valde of about 58 
to 60. The effect on the dispersion, of the BxO; which may be 
present up to 5 per cent, is not noticeable. In the glasses high in 
BaO, which have a correspondingly low SiO, content, the effect 
of BO; is more easily seen. It is quite apparent when the index 
is 1.59 or above. The line B-B in figure 1 shows the tendency of 
B.O; to increase the v value when the SiO. content is constant. 
In figure 3 the relation between B,O; and the dispersion is given. 
Glasses with an index of 1.59 or above are indicated by crosses 
and the heavy line curve passes through these points. The 
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glasses containing less than 6 per cent B,O; evidently fall into 
another group indicating that the higher v value may be obtained 
with silica as well as with B,O;. A dash line passes through this 
group. The variation in dispersion is evidently limited by the 
optical properties of SiO, and B,O; and the amount of each which 
can be introduced into a commercial glass. 
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Figure 4 shows the relation between SiO» and the v value in those 
glasses containing less than 6 per cent B,O;. This includes the 
group through which the dash line is drawn in figure 3. 

There are a number of general relations referring to the pro- 
portioning of the constituents of the batches which may be shown 
in curve form. ‘These are as follows: 


SiO, vs. BaO 


The relation between the barium and silica content is clearly 
shown in figure 5. The required proportions are quite well defined, 
a decided drop in the silica content as the barium increases being 


noticeable. 
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SiO, vs. Alkali 


As would be supposed, the amount of alkali in the glass in- 
creases with the silica. The curve in figure 6 shows this relation. 
While the points are not all very close to the curve drawn the 
general relation is beyond question. It must be remembered 
that in these complex barium glasses a comparison of any two 
constituents will be affected, often to a considerable extent, by the 
other constituents present. Only general relations can be es- 
tablished. 
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The Proportioning of the RO Bases 


In figure 7 the relation between BaO and the other RO bases 


is shown. 


BaO and includes K,0, NasO, CaO, ZnO and PbO. 


The solid line goes through the total RO bases except 
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line runs through the points representing the alkali content in- 
cluding K,0 and Na,O. The positions of the two curves are 
fairly well defined except when the BaO is over 40 per cent. Some 
of the the glasses contain no alkali while others contain 2 to 3 per 
cent. Alkali is not necessary to obtain the desired optical proper- 
ties and when used it is for the purpose of controlling the melting 
and working properties of the glass. 


The A1.0; Content 


It is hard to determine just what the A1,O0; content depends on. 
It is not necessary to use alumina to control the optical properties 
but it is almost invariably used and the amount seems to depend 
upon the B,O; content, at least an interesting comparison can be 
obtained between the amounts of these two constituents. Alum- 
ina would tend to increase the viscosity of the glass and reduce 
the attack upon the pot. 

In figure 8 the Al,O3; and B,O; contents are plotted against each 
other and an average curve is given. Al,O; is seldom used until the 
glass contains at least 5 per cent B,O; and then it increases quite rap- 
idiy with the addition of B,O; reaching a maximum at about 6 per 
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cent. Points 25, 26, 27, and 28 are not on the curve and they are 
rather abnormal in this respect. They prove that the optical prop- 
erties do not depend upon the A1,Q3. 


The ZnO Content 


Zinc oxide may run as high as 11.0 per cent in these glasses but 
it has little effect upon the optical properties. It is used largely 
to fill in when it is undesirable to increase any of the other con- 
stituents. Zinc oxide may replace BaO to lower the index of 
refraction or replace B,O; to lower the v value. 

Alkali 

Potassium is the alkali almost invariably used because the sodium 
compounds give greater color. The amount used depends upon 
the flux required after the SiO., BaO, BO; contents are adjusted 
to give the proper optical constants. 


Bauscn & Loms Co., 
ROCHESTER, N, Y. 


THE METALLOGRAPHY OF THE OXY-ACETYLENE WELD 
AS AFFECTED BY ENAMELING' 


E. P. Poste 
ABSTRACT 

Metallography of Low Carbon Steel.—A discussion of the cooling of steel 
through the critical range is followed by a consideration of the general structure 
of low carbon material. A brief discussion of mechanical and thermal treat- 
ments follows including the statement of the essential conditions for annealing. 

Investigation of Oxy-Acetylene Welds.—The temperature reached by the 
steel in the enameling operation is discussed with reference to the annealing 
temperature. An examination of plates and welds before and after enameling 
shows that a thorough annealing of the weld has been accomplished. 

Although the subject of metallography is undoubtedly new to 
the average enamel technologist, it will only be possible to very 
briefly cover some of the fundamentals before taking up the 
experimental work being covered by this paper. If the reader 
is interested in a more complete consideration of the principles 
of metallography, he will be able to make use of the following 
references: 

The Metallography and Heat Treatment of Iron and Steel—Sauveur. 

Metallography of Steel and Cast Iron—Howe. 

Chemistry of Materials—Leighou. Pages 102-118. 


Metallography of Low Carbon Steel 


Steel is essentially an alloy of iron and carbon produced by 
certain definite metallurgical processes. In the melted condition, 
it consists of molten iron holding the carbon in solution. After 
solidification the mass assumes certain crystalline forms which 
undergo definite changes in cooling through what is termed the criti- 
cal range, from approximately 900 to 770°C (1650 to 1420°F). 
After cooling below this range the steel is found to be made up of 
two substances termed “‘ferrite’’ and “‘pearlite;’’ the former is iron, 
while the latter is a definite combination of iron and carbon. 

Confining our discussion to low carbon steels such as are used in 
enameling, it should be noted that the amount of ferrite greatly 

1 Received March 1, 1921. 
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predominates over the pearlite and a carefully polished and etched 
specimen observed under the microscope will show in general a 
net-work of more or less regular polygons of ferrite between which 
are areas of pearlite. 

The structure just described is the normal structure existing 
after slow cooling. If the metal is cooled more quickly through 
the critical range or is worked upon mechanically at or below the 
critical range, the resulting structure may be materially different. 
Further, if metal originally below the critical range is heated to or 
above its critical range and recooled or worked mechanically and 
recooled, a great variety of results is possible. This general prin- 
ciple is the basis of all mechanical and thermal treatment of steel 
including hardening, tempering, annealing and similar operations. 

The critical temperature of steel varies with the carbon content, 
the greater the percent of carbon the lower the temperature. 
It follows from this, therefore, that the temperature to which the 
piece must be raised to effect various types of heat treatment, 
such as annealing, must be in general slightly above the critical 
temperature for steel of the particular carbon content involved. 


Fic. 1.—Annealing temperatures of steel. See ““Metallography and Heat 
Treatment of Iron and Steel’’—Sauveur. Page 234. 
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Figure 1 shows the minimum annealing temperature for the 
various carbon steels. With particular reference to the steel 
used in enameling, which generally falls between 0.10 and 0.20 
carbon, it will be noted that the minimum annealing temperatures 
range from 880 to 850°C (1616 to 1562°F). 


Fic. 2.—Various structures of 0.30% carbon steel. See ‘‘Metallography 
and Heat Treatment of Iron and Steel’’—Sauveur. Page 253. 


Figure 2 shows various possible variations in the structure 
of 0.30% carbon steel. Number 4 represents a very large 
grained structure produced by certain definite mechanical and 
thermal treatment while number 14 represents the other extreme of 
structure produced by another set of mechanical and thermal con- 
ditions. Numbers 1, 10 and 11 illustrate some indefinite structures 
similar to those which will be observed later in connection with 
the experimental work. Number 16 shows cold worked metal with 
‘“‘banded”’ structure similar to that which will be mentioned later. 

In general a fine grained even structure is more ductile than a 
course or uneven structure; for instance number 14 in figure 2 is 
the desirable structure in a '/2 inch round rolled bar while numbers 
5, 8, 9, 10, 11 and 12 are less desirable structures in the same bar. 
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Investigation of Oxy-Acetylene Welds 


Various observations in connection with the firing of enameled 
tanks have long indicated that the enameling operation involves 
the heating of the tanks to a sufficiently high temperature to 
effect the annealing of the welds. It has been only recently that 
this matter has been investigated from a metallographic point ‘of 
view and the results are well worth recording. : 


Fic. 3.—Welded plates showing zones of color. 


By means of an optical pyrometer, careful measurements have 
been made as to the actual temperatures reached by the steel 
in the enameling furnaces. It has been observed that on leaving 
the furnace the steel temperature ranges from 900 to 950°C (1650 
to 1750°F), varying somewhat with different enamels. Re- 
ferring to the curve indicating the necessary annealing temperature 
for steels, it will be noted that any steel which would be used for 
enameling would be at a safe annealing temperature when above 


550 POSTE—METALLOGRAPHY OF 


880°C (1620°F). Effort has been made to determine the total 
time at which a tank undergoing the normal enameling operation 
would be at a temperature above 900°C (1650°F) and a very 
reasonable approximation indicates that this time is 15 minutes. 
From a purely theoretical point of view this should produce a 
very thorough annealing. Considerable experimental work to sup- 
port this, however, has been carried on and some typical observa- 
tions will be reviewed. 


Fic. 4.—Structure of plate 10” from weld. 


Two sheets of steel (approximately 0.15% carbon), one foot 
wide and 2 feet long, were sand blasted and welded together after 
the usual beveling of the edges. The removal of the mill scale by 
the sand blast before welding made possible an interesting ob- 
servation as to the color effect produced by the welding. 

Figure 3 shows the weld very distinctly as well as the color 
effects in the adjacent steel. Starting at the edge of the steel 
away from the weld, the color is that of sand-blasted steel up to a 
point approximately 5” from the center of the weld where the 
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color works through the usual straw colors up to the deep blue 
and purple characteristic of steel heated to the corresponding 
temperatures. The general extent of these influences is obvious 
from the figure. 

The weld was ground smooth on either side and for experimental 
work several strips 1” wide were sawed out perpendicular to the 
weld. Metallographic specimens were prepared covering the 
entire range of heat conditions. 

Figure 4 shows the structure of the metal about 10” from the 
weld, obviously well beyond the influence of the heating. It will 
be noted that the structure is that of a plate worked slightly below 
its critical temperature as evidenced by the tendency for banding.’ 


Fic. 5.—Structure of plate 4” from weld. 


Figure 5 was taken at the edge of the straw color, approximately 
4" from the center of the weld. The banded structure is still 
apparent though possibly slightly less pronounced. Figure 6 was 
taken at the point of most intense blue color 2*/,” from the weld 
and the banded structure is but slightly noticeable. Figure 7 was 


1See figure 2—number 16. 
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Fic. 6.—Structure of plate 2*/,” from weld. 


Fic. 7.—Structure of plate 1'/,” from weld. 
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taken inside the maximum blue line 1'/,” from the weld and the 
banded structure is practically eliminated. 

Figure 8 shows the structure of the filler run in between the plates. 
This filler shows on analysis about 0.05% carbon. It has the 
normal structure of low carbon iron. Very minute areas of 
pearlite can be detected here and there. 


Fic. 8.—Structure of filler. 


Figure 9 shows the junction between the plate and the filler. 
At the extreme right of the figure is seen a structure essentially 
the sameas that of figure 8. The major portion of the figure, 
however, indicates the coarse irregular structure which has been 
produced by the intense heating of the plate above its critical 
temperature. It is interesting to compare this structure with 
that given as typical of electrically welded sheets on page 12, 
figure 2, Catalog of the H. M. Kellog Co. This structure also 
compares very favorably with that shown in figure A, on page 
123 of Hoyt’s “Principles of Metallography.’’ Hoyt terms this 
structure ‘“‘Widmanstattian”’ and refers to it as “‘being indicative 
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of weakness and lack of toughness. It is more commonly found 
in steel castings and in forgings which have been finished at too 
high a temperature.......... the substitution of a fine grained 
uniform structure results in an improvement in the mechanical 
qualities.” 


Fic. 9.—Junction—unenameled specimen. 


Several strips from this sample were enameled in the usual 
manner following which portions of the weld were examined 
microscopically. It was found that the structure of the filler 
was essentially the same as that previously noted while the coarse 
structure of the plate as shown in figure 9 had been reduced to a 
fine one of the same general type as that originally existing 
in the plate, the banded structure being absent. 

Figure 10 shows the junction between the filler and the plate 
indicating a reasonably even distribution of the pearlite among the 
ferrite grains. 
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Several observations of the same genreal type have been made 
both on experimental pieces, and on samples taken from units 
which had been processed commercially. We will take time to 
present but one additional case. 


Fic. 10.—Junction—Enameled specimen—from same weld as figure 9. 


Figure 11 shows the junction between the filler and plate in 
which the plate structure had taken the form of a very coarse grain. 
It is interesting to compare this structure with that given by 
S. W. Miller, who discusses “Some Structures with Steel Fusion 
Welds,” and shows a figure of an oxy-acetylene weld exhibiting 
the coarsening of grain of ordinary metal. 

A specimen from the same weld was enameled and later ex- 
amined microscopically. The results are shown in figure 12, 
in which the coarse structure of figure 11 has been reduced to a very 
fine structure with reasonably uniform distribution of pearlite. 

1See figure 2, Trans. Amer. Inst. Min. Eng., 1918, 339. 
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Fic. 11.—Junction—unenameled. 


Fic. 12.—Junction—enameled from same weld as figure 11. 
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The above work indicates very definitely that the enameling 
operation furnishes very thorough annealing of the welds producing 
structures which indicate very desirable mechanical qualities 
as compared with those suggested by the unenameled samples 
and often considered as characteristic of oxy-acetylene welds. 

This work will be followed by physical tests which should throw 
considerable light on the practical results of the changes noted 
herein. 

RESEARCH LABORATORY 


ELYRIA ENAMELED Propucts Co. 
EvyYRIA, 


THE SEPARATION OF LIME FROM DOLOMITE! 
By H. G. ScouRECHT 
ABSTRACT 
Calcination.— Magne ium carbonate in dolomite is decomposed by calcining 


for one hour at 800°C. Calcium carbonate is not completely decomposed 
until after calcination at 960°-1040°C for one hour. 


Treatment with sulphuric acid.—By adding sufficient H2SO, to milk of 
dolomite to react with the lime present, a bulky precipitate of Mg(OH): is 
formed which may be partially separated from the finer CaSO, by screening 
through a 120 mesh sieve. The residue on the screen contains about 68.3 per 
cent MgO and represents over 50 per cent of the original CaMgO, 


Flotation.—The best results by flotation were obtained by removing the 
fine material from the raw dolomite and then calcining at 920°C. Wood 
creosote flotat’on oil number 400 was found best suited for this separation. 
The concentrates removed by flotation, however, represent only 25 per cent of 
the dolomite originally treated. 


Leaching and screening.—By a leaching and screening treatment it is possible 
to obtain a product containing about 80 per cent MgO. This is superior to 
Canadian magnesite in MgO content. 


Elutriation.—By an elutriation treatment it is possible to obtain a residue 
containing over 85 per cent MgO and representing about 30 per cent of the 
original dolomite. 

Introduction 


In previous work? the writer found that it was difficult to produce 
fire brick from calcined mixtures of dolomite and hematite, which 
would withstand storage in the open air for periods of time longer 
than six months. During this period the free lime and lime com- 
pounds combine with the moisture or change in volume causing 
the brick to disintegrate. Finer grinding of the raw dolomite 
before calcination with hematite proved beneficial in many cases 
but did not entirely overcome the tendency to disintegrate. 
Calcining the raw dolomite and hematite mixtures at higher 


1 Received March 14, 1921. Published by permission of the Director, 
U. S. Bureau of Mines. 


2 THis JOURNAL, 4 (1921). 
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temperatures in some cases increased the tendency of the resultant 
material to disintegrate. Magnesite on the other hand, can be 
easily dead-burned and magnesite brick withstand storage in 
open air, remaining sound, for long periods of time. Magnesite 
brick are also more resistant to slagging action than dolomite 
brick and for this reason it has been claimed! that the life time of a 
magnesite bottom is three times that of a dolomite bottom. 

Prior to the war, practically all the magnesite used by the steel 
industries came from Austria and was laid down on the American 
seaboard at from $15 to $18 per ton. During the war? the prices 
of domestic magnesite increased to $50, $75 and finally $100 per ton 
the chief source of this material being the State of Washington. 

At the present time, caustic lump magnesite is quoted* at $35 
to $40 per ton, carload lots, f.o.b. California. In the Chicago 
district it is quoted at $57.70 and at the Atlantic seaboard at $61 
and $63. Dead-burned magnesite is quoted at $38 per ton at 
Chewelah, Washington and $58—$64 per ton at Chester, Penna. 

Dolomite,‘ 1 and 2 man size, is quoted at $1.60-$1.65 per ton. 
2-8 in dolomite is quoted at $1.55-$1.65 per ton f.o.b. Plymouth 
Meeting, Pa. 

Since the price of one ton of dead-burned magnesite delivered to 
Pennsylvania points is at present equal to that of 37-39 tons of 
raw dolomite, the problem of concentrating the magnesia in dolo- 
mite by reducing the lime content, was considered worthy of 
investigation. 

The work herein reported is therefore limited to a study of the 
separation of lime from dolomite. Various processes already 
patented were studied as well as other processes which were 
developed in the laboratory as the work progressed. 


The Work of Previous Investigators 


Closson® separated magnesia from dolomite by adding 8750 

parts of magnesium chloride to 1250 parts of caustic dolomite. 

1 McDowell, Spotts, J., and Howe, R. M.,‘‘Magnesite Refractories,’ 
JouURNAL, 3, 189 (1920.) 

2 Bankson, R. A., “Glory Holes and Magnesite,” Eng. & Min. Jr., 111, 
49-52 (1921.) 

3’ The Market Report, Eng. & Min. Jr., 111, 85 (1921). 

4 Eng. & Min. Jr., loc. cit. 

5 This appears as footnote 1 on p. 560. 
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The lime in the dolomite combines with the nagnesium chloride 
forming soluble calcium chloride and a precipitate of magnesium 
hydroxide. The soluble calcium chloride is then removed by 
filter pressing leaving 1000 parts of magnesia in the press. 

By the Pattinson method? magnesia is separated from dolomite 
by subjecting the same to a pressure of 5-6 atmospheres in the 
presence of carbonic acid. The solution is then heated with steam 
and the precipitate of magnesia dried.® 

In another process‘ dolomite is calcined at 500-600°C at which 
temperature the carbon dioxide is driven from the magnesium 
carbonate, while the calcium carbonate remains in the undis- 
sociated form. ‘The magnesia is then removed either by air or 
water separation. 

By the addition of a small amount of sugar or molasses to milk 
of dolomite, the lime readily goes into solution while magnesium 
hydroxide remains as a precipitate. Scheibler® uses this reaction 
in the separation of lime from dolomite. He adds 10-15 per cent 
sugar or molasses solution to milk of dolomite. The solution 
of the lime by sugar takes place rapidly leaving magnesium hy- 
droxide asa precipitate. The lime sugar solution is then separated 
by decantation or filtration. The sugar and lime are recovered 
by passing CO, through the solution thus forming CaCO and sugar. 

Bradburn® uses a by-product in the manufacture of soda by 
the ammonia process to separate magnesia from dolomite. This 
by-product contains 60-90 parts NaCl and 120-180 parts NH,Cl. 
The dolomite is so calcined to decompose both the calcium and 
magnesium carbonates. ‘The calcined dolomite is then hydrated. 
The milk of dolomite is then mixed with the solution of sodium 
and ammonium chlorides. ‘The liquor contains calcium chloride, 
magnesium chloride and sodium chloride with an excess of NH,Cl. 

1 Scherer, R., Der Magnesit, A. Hastleben’s Verlag, Wien und Leipzig, 
84, (1908). 

2 Der Magnesit, loc. cit., p. 134. 

’ This is substantially a literal translation but does not describe the 
process clearly. 

4 Der Magnesit, loc. cit., p. 134. 

5 Jiid., p. 135. 

6 Bradburn, J. A., “Process of Obtaining Magnesia,’’ U.S. 1,156,662, 
Oct. 2, 1915. 
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The clear liquor is decanted and sufficient milk of dolomite is 
added to convert the MgCl. into Mg(OH).. 

The Mg(OH), from the milk of dolomite does not enter in the 
reaction but is collected with the precipitated Mg(OH)s. The 
mixture is then passed through a settling tank and the heavy MgO 
is deposited near the inlet while the light Mg(OH), together with 
the CaCl, is carried off in the overflow. The Mg(OH)> is then 
filtered and washed free from chlorides. 

Another process! consists in crushing calcined dolomite to 
8-40 mesh size and subjecting it to a leaching process with cold 
water which dissolves the lime leaving the magnesia as an insoluble 
residue. This process is continued until the residue contains 
not more than 3-10°% lime. 

A patent was issued to Mitchell? for obtaining magnesium oxide 
from dolomite by calcining at 950°F which decomposes the mag- 
nesium carbonate but not the calcium carbonate. The magnesium 
hydroxide formed on the addition of water is separated by running 
water or air (this process being practically the same as that de- 
scribed under reference No. 9). 

Epsom salts* are made from dolomite by treating dolomite 
with sufficient H.SO, to react with the calcium and magnesium 
present. The resultant magnesium sulphate solution is then fil- 
tered from the calcium precipitate. 


Experimental Methods 


used for the separation of lime from dolomite in this work. In each 
case chemical analyses were made of the samples separated and 
the CaO and MgO contents expressed in terms of the oxides. This 
was also done when undecomposed CaCO; was present to make 
the results more comparable. 


1 “Refractory material and process for making same,’’ U. S. 1,270,819, 
July 2, 1918. 

2 Mitchell, A. M., “Process for Obtaining Magnesium Oxide from Dolo- 
mite,’’ U. S. 1,273,110, July 16, 1918. 

3 Newth, G. S., “‘A Text Book of Inorganic Chemistry,’’ Longmans, 
Green & Co., New York, 1905, 575. 


The following methods are briefly outlined for the processes 
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1. Treatment with Sulphuric Acid.—1000 Kilogram samples 
of dolomite were calcined at 1040°C and hydrated. Enough 
H.2SO, was added to react with the Ca(OH), and the fine crystals 
of CaSO, thus formed were removed from the bulkier Mg(OH). by 
screening. 

2. Separation by Flotation.—1000 Kilogram samples of dolomite 
crushed to 8-20 mesh size were calcined at 760°, 840°, 920° and 
1040°C and hydrated. The magnesium hydroxide was removed 
to some extent by flotation. This was possible because of the 
fact that Mg(OH): is more colloidal (slimy) than the undecomposed 
calcium carbonate and certain forms of lime hydrate. 


The same experiments were made on dolomite which had been 
screened through a 100 mesh sieve, previous to calcination. 

Wood creosote flotation oil number 400 of the Pensacola Tar & 
Turpentine Co. was found best suited for this separation and 
therefore was used. 

3. Separation by Leaching and Screening.—1000 Kilogram 
samples of dolomite crushed to 8-20 mesh size were calcined at 
840°, 920°, and 1040°C and hydrated. Different samples of each 
were then passed through the following mesh size screens: 4, 20, 65, 
100 and 200. The materials passing through the screens were then 
leached with water for 4 days. The same experiments were made 
with dolomite which had been screened through a 100 mesh sieve 
previous to calcination. 

4. Elutriation Tests.—1000 Kilogram samples of dolomite 
crushed to 8-20 mesh size were calcined at 840°, 920°, and 1040°C 
and hydrated. Sieve analyses were made to separate the hydrated 
material into the following sizes: 20, 20-65, 65-100, and 100—200 
mesh. ‘The material which passed through 200 mesh was separated 
by elutriation according to the method described for the elutriation 
of clays.'. The same experiments were made with dolomite 
which had been screened through a 100 mesh sieve previous to cal- 
cination. 


Results 


The Effects of Calcination Temperatures on the Dissociation 
1 Tuts JOURNAL, 3, 355-78 (1920). 
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of Dolomite.—Cedarville dolomite! crushed to 8-20 mesh was 
calcined for 1 hour at 720°, 760°, 800°, 840°. 880°, 920°, 960°, 
1000° and 1040°C, respectively. The same was repeated with 
dolomite screened through a 100 mesh sieve. ‘The losses in weight 
at these temperatures are shown in figure 1. 


Figure 2 
Figure! 
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It is obvious that 8-20 mesh dolomite may be calcined more 
thoroughly than the 100 mesh size as shown by the greater loss in 
weight of the coarser sizes. 

The magnesium carbonate is apparently decomposed by cal- 
cining at 800°C while the calcium carbonate is not completely 
decomposed until 960°-1040°C. 


Treatment with Sulphuric Acid.—In treating the hydrated 
dolomite with sulphuric acid, sufficient acid was added to the 
milk of dolomite to react with the lime present. A bulky pre- 
cipitate of Mg(OH)s is thus formed and the calcium sulphate is 
present as extremely fine needle-like crystals. Due to the difference 
in the structures of the CaSO, and Mg(OH)s, the former may be 
removed largely by screening through a 120 mesh sieve. The residue 
remaining on the screen contains about 68.3% MgO and, in terms 
of CaMgOn., represents over 50% of the dolomite originally used. 
By violent agitation and washing with water all of the colloidal 


1 The chemical analysis of Cedarville dolomite is as follows: CaO =30.2 
%, MgO=21.8%, CO.=46.8%, Si0.=0.4%, AhLO;=0.5%, Fe.0;=0.5% 
and hydro. water=0.1%. 
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Mg(OH), may be forced through the sieve. Utilization of the cal- 
cium sulphate thus removed in the manufacture of plaster of paris or 
Estrich’s plaster is a possibility though not investigated at this time. 


Separation by Flotation.—Figure 2 shows the results obtained 
in the separation of magnesium hydroxide from dolomite by 
flotation. The best results were obtained by calcining 8-20 mesh 
dolomite to 920°C. Removing the fine material through a 100 mesh 
sieve before calcination seems necessary as shown in tests made on 
dolomite which had been screened through a 100 mesh sieve. For 
example, the concentrates from dolomite which had been crushed 
to 8-20 mesh size and calcined at 920°C contained 74 per cent 
MgO, whereas that from dolomite screened thru a 100 mesh 
sieve and calcined at the same temperature contained only 48.5 
per cent MgO. This is due largely to the fact that the fine un- 
decomposed calcium carbonate is carried away with the froth. 

When calcined at 1040°C the concentrates obtained from the 
8-20 mesh and 100 dust dolomite, were both comparatively high 
in MgO, containing over 65 per cent. This may be partly due to 
the leaching action of water on the caustic lime present. 

The concentrates removed by flotation, however, represent, in 
terms of CaMgOs, only about 25 per cent of the original dolomite 
used. By the sulphuric acid and screening and leaching treat- 
ments, a 50 per cent recovery is obtained. If more than 25 per 
cent concentrate is forced over the flotation cell, it rapidly in- 
creases in lime content. 


Separation by Leaching and Screening.—The solubility of 
Ca(OH), is 0.185 gram per 100 grams of water (Seidell), whereas 
that for Mg(OH)2 is 0.014 gram per liter (Riddell),! at room 
temperatures. By allowing water to run for a number of days 
over dolomite, calcined sufficiently high to decompose both the 
MgCoO; and CaCOs, a large percent of the lime may be removed 
owing to its greater solubility in cold water and to its finer particles 
which are carried away mechanically. 

1 Duschak, LL. H., ““The Determination of Free Calcium Oxide in Caustic 
Burned Magnesium Oxide.”’ Bureau of Mines Reports of Invest., June, 1-2, 
1920. 
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In this portion of the work therefore, the effect of size of grain 
and calcination temperature on the separation of lime from dolo- 
mite by leaching and screening were studied. Water at room 


Figure 3 
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temperatures was allowed to run over 300-gram samples of calcined 
dolomite at the rate of 100 cc. per minute for 4 days. The un- 
decomposed calcium carbonate was then further removed by 
screening. 

The results are shown in figure 3. It is obvious that the best 
results are obtained by crushing dolomite to 8-20 mesh, calcining 
at 1040°C, and allowing water to flow over it for 3 to 4 days. 
For example, by crushing dolomite to 8-20 mesh size, calcining 
at 1040° hydrating with water, screening through a 100 mesh sieve 
and leaching for 3 to 4 days, a product is obtained containing 
about 80 per cent MgO with less than 3 per cent SiO2.+Al,0;+Fe.03 
This material represents, in terms of the oxides, about 50 per cent 
by weight of the dolomite originally used showing that practically 
all of the MgO is recovered from the dolomite by this method. 
Calcined Canadian magnesite contains 72.7% MgO and 6.7% 
SiO.+ Al,O; +Fe:03.1 Obviously by this process, a product 
richer in magnesia than Canadian magnesite may be produced. 
Screening the dolomite through a 100 or 200 mesh sieve after 
hydration is advantageous especially if undecomposed calcium 
carbonate is present as is shown in figure 3. 

The results also show that it is advisable to remove material 
finer than 100 mesh before calcination. Thisis partly due to the 
fact that the finer undecomposed calcium compound passes through 
the screens in the subsequent screening thereby increasing the 
lime content in the material passing the screens. Also the fine 
dolomite dust is not as thoroughly decomposed asisthe coarser 
material due to freer egress of the CO, through the voids in the coarse 
material. The percentage of undissociated dolomite is therefore 
higher in the fine material. 

Elutriation Tests.—The results of elutriation tests on dolomite 
are shown in figures 4 and 5. Inmost cases the percentage MgO 
in the portions separated increases up to can 3 and then decreases 
in can 4 and in the overflow jar. As high as 44 per cent lime is 
washed away being largely dissolved in the water. The velocities 
of flow in the respective cans are as follows: 

Can. 1 Can 2 Can 3 Can 4 Per sec., 
fo 0.347 0.180 0.059 0.0197 mm. 
1 Analysis made by A. Fieldner, U. S. Bureau of Mines, Pittsburgh, Pa. 
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When 8-20 mesh dolomite was calcined at 920°C and elutriated, 
the material deposited in can 3 contained 92% MgO. This 
however, only represents 9.5 per cent of the dolomite originally 
treated in terms of oxides or 21 per cent of the MgO originally 


Figure 4 
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present in the dolomite. By combining the residues deposited in 


cans 2, 3 and 4, a product averaging 85.4 percent MgO was obtained 
which represents 30 per cent of the dolomite originally used in 


terms of the oxides or 61.6 per cent of the MgO present in the 
Figure 
Per cent Residue and MgO in terms of 
100 M Dolomite 0 /0 20 30 40 50 GO 70 60 too 
lCalcined at 840°C. 
> 20 M. 
20- 65 M. 
65 (OOM. 
Can / 
caught in jar 
Washed anay fF 
Per cent Residue 
/00 M. Dolomite wnnn-- Ler cent MgO in Residue 
Calcined at 920°C. 
> 20M. 
20- GSM. 
/00- 200M. 


Washed away 


100 M. Dolomite 
Calcined at /040°C. 


> 20M, 

/00- 200M, 

Can 4 — -—4—— 


Washed awag f- 


3 
| 
| 
| 
| 
| 
= 
| 


OF LIME FROM DOLOMITE 569 


original dolomite sample. In other words, by using an elutriation 
system whereby the velocity of flow in vessel 1 is 0.347 mm. per 
sec. and in vessel 2 is 0.0197 mm. per sec., a product containing 
85.4 per cent MgO is deposited in can 2 which represents 61.6 
per cent of the MgO present in the dolomite originally treated. 


Conclusions 


The leaching and screening process gives the most satisfactory 
yields of MgO rich material. 

If a high degree of purity is desired, combinations of the above 
treatments may be used, but for many purposes a product con- 
taining over 80 per cent MgO would probably be sufficient. 

These processes have not yet been tried on a large scale and 
the results above are those obtained in the laboratory. 

In conclusion the author wishes to acknowledge his indebtedness 
to Mr. R. T. Stull for many valuable suggestions in the work. 
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PLASTIC MAGNESIA CEMENTS! 


By P. H. BATES AND Roy N. YOuNG 
ABSTRACT 


Preparation of the Cement.—Crystalline magnesite from Washington was 
crushed to three sizes—to pass a No. 6 sieve but retained on a No. 10; between 
a No. 10 and a No. 30 and to pass a No. 60 sieve. These sizes were burned 
separately in an electric rotary kiln at 600°, 650°, 700°, 800°, and 900°C. 

Tests of the Cement.—The cement was tested in three flooring mixes in 
which the MgO was 35.0, 42.5 or 50.0% by weight, and in three stucco mixes 
in which the MgO was 11, 22 or 33% by weight. Tensile and compressive 
strength specimens were broken at 24 hours, 7 and 28 days. The coefficient 
of expansion was determined at 48 hours, 4, 7, 28 and 90 days. Other proper- 
ties determined were time of set, consistency, soundness, fineness and effect 
of density of the chloride solution used. 

Results.—The property of the calcined cement is materially affected by the 
size of ore, temperature and duration of burning. The rate of reaction of MgO 
with chloride materially decreases with increased temperature of burning. 

Decreasing the concentration of the magnesium chloride solution (down 
to 22° Bé) accelerates the set of freshly calcined magnesite and retards the 
set of magnesia which has become hydrated to a considerable extent through 
exposure. Exposure to moisture before using as well as increasing the con- 
sistency of the mixture lengthens the setting lime. 

A composition which expands excessively and warps or buckles is not nec- 
essarily ‘‘unsound,”’ but one which disintegrates within a comparatively short 
time may be considered as such. Used in this sense, ‘‘unsoundness’’ is believed 
to result from the presence of free magnesia which hydrates after the mixture 
has hardened, and not from the presence of lime. Therefore, soundness is 
not a property of the magnesia alone but depends upon the extent to which 
it reacts with the magnesium chloride, water, or carbon dioxide before harden- 
ing takes place and upon the amount of hydration which subsequently occurs. 
The steam or cold water tests are unsatisfactory as accelerated tests for sound- 
ness of magnesia mixtures. 

Under the conditions of these tests, the best material with regard to setting 
time and strength was produced at a temperature of 800°C. However, the 
magnesia burned at 650°C and which gave comparatively very low strength 
when gaged with a 22° Bé solution of magnesium chloride, gave excellent 
strengths when gaged with more concentrated solutions. Materials tested 
with 22° Bé solution and giving satisfactory results would not necessarily 

‘Received April 15, 1921. Published by permission of the Director, U. S. 
Bureau of Standards. 
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be satisfactory with a higher or lower concentration. It seems that general 
specifications should also include limits corresponding with tests in which 
higher and lower concentrations are used. 

No relation was found between the volume change and any other property 
of the magnesia. Tests of any particular mixture are no indication of the 
behavior of the same magnesia in other mixtures. However, the laboratory 
tests indicate that the leaner mixtures undergo less change in volume than the 
richer ones. Furthermore, a number of strict comparisons between laboratory 
and field tests indicate that the laboratory tests of volume changes as made 
are no index to the behavior of the material under actual service. 

The lean mortar mixture proved to be the most suitable of any used for 
testing magnesia, and in this case the tensile strength furnished as much, if 
not more, information than the compressive strength. 


Introduction 


The data presented and discussed herewith represent the results 
obtained from a preliminary investigation dealing with the pro- 
duction of plastic (or so-called caustic) magnesia from domestic 
magnesites and the testing of the product to determine some of 
its properties as a cementing medium when mixed with a solution 
of magnesium chloride and certain inert fillers, as finely ground 
sand, asbestos, wood flour, and coloring. 

Previous to the late war practically all of the magnesia used 
as a cementing agent for resilient floors came into this country 
from Greece. Usually it had been calcined before its arrival and 
in the majority of these cases the calcination had been made in 
Holland for the purpose of obtaining carbonic acid. The cutting 
off of this supply necessitated the more active development of 
domestic sources of similar material. These had been noted to 
exist in California and had been worked for some time for a number 
of purposes other than the production of plastics for flooring or 
stucco. Like the Grecian ore or a similar ore from Venezuela 
the California ore is said to be amorphous, (and microscopically 
it does appear so), and is in striking contrast to the magnesite 
from the State of Washington, which is very crystalline. 

While a very satisfactory ore was therefore at hand, there was 
but little known in regard to its proper preparation and calcining 
as a plastic cement, or of the properties which the latter should 
have to assure satisfactory results in its application. An in- 
vestigation was therefore undertaken to determine these factors 
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using the amorphous ore. Later it was thought desirable to 
include the crystalline variety on account of the very large de- 
posits in Washington and also because it was learned that some 
of this variety from Austria had been going into the plastic trade 
abroad. 

The complete outline of the investigation includes the burning 
of various sized ores from different localities at different tempera- 
tures. From the ground calcine the usual tensile, compressive 
and transverse strength test pieces will be made, as well as tests 
to determine the constancy of volume of different flooring and 
stucco mixtures. There will also be made a number of test panels 
of flooring and stucco, which will be subjected to actual service 
conditions. 

This paper, however, covers only the results of some prelimi- 
nary work in which one variety of magnesite alone was investigated 
and in which the prime object was to determine how the ore 
crushed to different sizes would be affected by burning at different 
temperatures. It would in a measure determine the sizes and tem- 
peratures to be used in the remainder of the work. On account 
of its nature only part of the tests outlined above were carried out. 
The results though not conclusive are so suggestive of different 
lines of future work, that it was thought they would be of much 
interest to those engaged in the investigation of oxy-chloride 
cements. 


Description and Properties of Materials 


Magnesia.—The magnesite used throughout these tests was from 
Stevens County, Washington, and all of the same shipment except 
as shown in table I. It was crushed to three different sizes. The 
first contained the particles which passed a No. 6 sieve and were 
retained on a No. 10 sieve, the second was between the No. 10 
and No. 30 sieves, and the third was sufficiently fine to pass a 
No. 60 sieve. Each size was burned at the temperatures 600°, 
650°, 700°, 800° and 900°C making 15 burns in all. The burning 
was done in a small electric resistance rotary kiln. During the 
operation of the kiln, the variation from the desired temperature 
was seldom more than 10° as found by temperature readings taken 
every 10 minutes. The time required for the material to pass 
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through the kiln was approximately one hour. ‘The material which 
was crushed to the finest size progressed somewhat slower than 
the coarse size, and at the higher temperatures had a slight ten- 
dency to stick to the kiln lining. After burning the material was 
ground and placed in tightly covered metal containers until used. 
The results of the chemical and physical tests of the raw and. 
finished materials are given in tables I and II, respectively. 
Attention is called to the range of CO: content, and the variation 
in the amounts of this constituent with the fineness of ore and 
the burning temperature. It may be well to explain that these 
analyses were made after the burned material was ground, which 


TABLE I—RESULTS OF CHEMICAL ANALYSES OF THE RAW AND FINISHED 
MATERIALS 


RAW MATERIALS 


Lot SiOz Fe2Os CaO MgO CO Ig. loss 
1 1.03 .80 .52 1.95 46 .22 49.81 
2 2.12 .66 .88 45.18 49.96 

BURNED MATERIALS 
xB-1* 2 28 .00 30.50 
B-2* 2 7.05 17.50 
B-3* 1 5.60 9.92 
xC-1 2 4.35 7.00 
C-2 2 3.50 6.90 
C-3 2 3 80 5 64 
xD-1 2 2.85 4.00 
D-2 2 2.65 3.40 
D-3 3 1.85 2.55 
xE-1 2 1.30 2.42 
E-2 2 1.75 2.40 
E-3 2 .85 1.75 
xF-1 2 .20 75 
F-2 2 15 70 
F-3 2 4.49 1.36 1.68 1.57 90.40 .28 .50 
xB burns made at 600° *1 Material sized between No. 6 & No. 10 sieves 
D all through No. 60 


E 
F ” ” ” 900° 


2 
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TABLE II—RESULTS OF PHYSICAL TESTS ON THE FINISHED BURNED MATERIALS 


FINENESS LoosE 

Per cent retained on Wr. PER Cu. 

CEMENT No. 100 sieve No. 200 sieve (Specrric Gravity) Fr. (LBs.) 
B-1 0.2 12.8 3.05 60.7 
B-2 0.4 9.6 3.06 46.8 
B-3 0.6 12.6 3.13 45.5 
C-1 0.6 10.8 3.22 42.8 
C-2 1.4 13.1 3.26 45.6 
C-3 0.2 9.7 3.05 43.5 
D-1 1.4 12.6 3.05 50.2 
D-2 2.4 12.6 3.13 52.8 
D-3 0.8 10.1 3.22 §1.7 
E-1 1.8 12.8 3.34 52.3 
E-2 2.2 14.1 3.38 52.8 
E-3 1.4 14.3 3.35 51.4 
F-1 0.9 12.3 3.40 50.9 
F-2 1.9 13.6 3.43 53.2 
F-3 0.5 10.3 3.44 55.5 


will, to some extent, account for the amount of water present. 
In this connection, it is interesting to note the relative activity of the 
different burns towards moisture as shown by the following tests. 


Five grams of the finished material from each burn made on the 
coarsely crushed magnesite were spread out on a cover glass and 
placed in moist air which was free from carbon dioxide. At certain 
periods the samples were dried and weighed, and the increase 
in weight was converted to percentage increase in combined water. 
These data are given in table III. It may be seen that the 


TABLE III—PERCENTAGE INCREASE IN WEIGHT DUE TO HYDRATION OF 
MAGNESIA FROM VARIOUS BURNS UPON EXPOSURE TO Moist ATMOSPHERE 


1 Day 2 Days 7 Days 14 Vays 28 Days 
B-1 8.68 10.14 16.88 17.08 
C-1 13.37 19.43 24.95 26.22 
D-1 10.50 14.55 25.55 27.55 
E-1 1.44 1.84 11.76 21.56 21.96 


F-1 0.97 2.24 10.13 15.30 16.81 
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activity of the magnesia toward moisture decreased as the calcining 
temperature increased. Although the amount of hydration of 
burn B-1 was less than that of the others, due to the large amount 
of undecomposed MgCOs, yet if calculated on the basis of caustic 
magnesia content it was higher. 

Magnesium Chloride.—The results of analysis of the mag- 
nesium chloride solution were as follows: 


8.80 = 20.86% MgCl 
= 20.83% MgCl 
Specific gravity....... 1.184 


Flint.—This material is that known as ‘potters’ flint.’’ The 
lot which was used in these tests had a fineness of 99 per cent 
through a No. 100 sieve and 89.6 per cent through a No. 200 sieve. 

Asbestos.—The asbestos used in the flooring mixtures was what 
is known commercially as grade “‘C.” 


Details of Tests of Cement Mixtures 


Mixtures 


Cement from each burn was used in 6 different mixtures of the 
following compositions. 
Compositions (percentage by weight) 


Marked MgO Flint Sand Asbestos 
AF 50.0 30.0 20.0 
BF 42.5 34.5 23.0 
CF 35.0 39.0 26 .0 
AM 3 67 
BM 22 11 67 
CM 11 22 67 


The three containing asbestos will be referred to as flooring 
(F) mixtures and the others as mortar (M) mixtures. 
Mixing 
The dry materials were thoroughly mixed before gaging with 
the magnesium chloride solution and only a sufficient amount 
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was used at one time for molding 3 to 6 briquettes or 1 to 3 of the 
larger test specimens. ‘The mixing was done in accordance with 
the method described in the U. S. Government Specification for 
Portland Cement. Exceptions to this occurred in a number of 
cases in which it was impossible to give the full time to the mixing 
operation on account of the very quick setting property of the 
material. However, by very rapid work, thorough mixing was 
accomplished. 
Consistency 
A standard consistency for the flooring mixtures was adopted, 


which appeared to be about the same as that used in the testing 


TABLE IV—RATIOS OF MAGNESIUM CHLORIDE TO CEMENT AND CONSISTENCIES 
USED IN THE VARIOUS TESTS 


FLOORING MIXTURES MorTAR MIXTURES 
MgCh 
** Ratio - *Consistency Ratio ———— Consistency 
MgO (% by weight) MgO ; (% by weight) 


Burn A B C ABC A B Cc A B Cc 


B-1 256 .275 .334 62 58.7 58.7 .119 .150 .262 19 16 14 
B-2 .380 7268 67 .156 .197 .318 25 21 17 
B-3 .297 .880 .305 72 68 67 .162 .197 .318 26 21 17 
C-1 . 297 330 .395 72 68 67 .168 .206 .337 27 22 18 
C-2 .297 .330 .395 72 68 67 .168 .206 .337 27 22 18 
C-3 .297 .330 .395 7268 67 159 .197 .318 25.5 21 17 
D-1 .297 .330 .395 7268 67  .168 .201 .318 27 21.5 17 
D-2 297 .330 .395 7268 67 168 .201 .318 27 $1.5 17 
D-3 .297 .330 .3895 7268 67 .156 .197 .318 25 21 17 
E-1 297 .330 395 7268 67 .144 .178 .300 23 19 16 
E-2 297 .330 395 7268 67 .144 .178 .300 28 19 16 
E-3 297 =. 330 395 7268 67 .144 .178 .300 323 19 16 
F-1] 297 .330 .395 72 68 67 .125 .169 .300 20 18 16 
F-2 297 .330 .395 72 68 67 .125 .169 .281 20 18 15 
F-3 297 330 .395 72 68 67 119 .159 .281 19 17 15 
*Per cent (22° Bé MgCl.) of weight of dry mix. 

MgCl 
**Ratio ———— = ratio per cent anhydrous MgCl to per cent calcined 

MgO 


magnesite and hence is mot a molecular ratio. Ina formula such as as MgCl. 
5MgoO the ratio of per cent MgCl, to per cent MgO is .473. 
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of neat Portland cement. By an examination of table IV, it may 
be seen that the same percentage of solution was used for all the 
flooring mixes of the same proportions with the exception of those 
which contained magnesia from burn B-1. It is not claimed that 
this percentage of solution produced the same consistency through- 
out, but in consideration of the difference in the properties of the 
various mixes, especially setting time and smoothness, it is believed 
that this method was more satisfactory than attempting to change 
the percentage of solution slightly in each case as might have 
been done had the judgment of the operator been relied upon 
entirely in duplicating consistencies. 

In the mortar tests it was necessary to follow the latter procedure 
and here again it was difficult to decide just what was the proper 
consistency for the reasons mentioned above. It was impracti- 
cable to use any measuring device on account of the rapid stiffening 
of the mixture which occurred in many cases. No doubt some 
method such as is used in determining consistency or “flowability”’ 
of cement or concrete may be applied to compositions of these 
types, assuming that quick setting or very early stiffening would 
preclude the use of such material in practice. 


Time of Setting 


The time of setting was determined by the use of Gilmore 
needles. No difficulty was encountered in applying this method 
to the flooring mixtures, but the mortars required a slight change 
in the manner of observing the set. As the condition of the latter 
mixtures approached the initial set the penetration of the needle 
became very ununiform, for if the tests were made at different 
places on the same specimen the needle made no impression in 
some places and penetrated appreciably in others. This difficulty 
was overcome as follows: It was found that after the needle ceased 
to penetrate there was usually a short time during which the 
material yielded under the pressure of the needle. It appeared 
that this yielding was not affected by the coarse sand particles 
as was the penetration of the needle. It was therefore considered 
that a mortar had attained its set when the material ceased to 
yield under application of the needle, and in this way perfectly 
satisfactory results were obtained. 
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As may be seen by an examination of table V, a very distinct 
relation exists between the temperature at which the magnesite 
was calcined and the setting time, that is, increases in the burning 
temperature resulted in slower setting. Also there is a tendency 
for the setting time to become slower with a decrease in the per- 
centage of magnesia contained in the mixture, which may be due 
to a change in both the ratio of magnesium chloride to magnesia 
and the ratio of the amount of solution to magnesia. Again, 
there was a tendency for increased fineness of the raw material to 
result in slower setting, which no doubt may be explained from 
the fact that at any particular temperature the finer raw material 
is more readily calcined than the coarser material. 


Soundness 

The pats used in the setting time tests were employed in com- 
paring different methods for making soundness tests. One pat from 
each mix was placed in the air of the laboratory after being stored 
in the moist closet for 24 hours, a second was placed in water and 
a third was subjected to steam at atmospheric pressure for 5 hours. 

None of the air pats up to 28 days showed signs of unsoundness 
with the exception of those made from mixes B-1AM,' C-1AM, 
C-1BM, C-2AM, and C-2BM which developed radial cracks. 
Cracks were also observed in the strength specimens made from 
these mixes appearing sooner in the 2” x 4” cylinders than in the 
briquettes. All the water pats of this series were softened a great 
deal within 7 days. Some of them were barely brittle with little 
swelling while others were very soft, swelled or badly cracked. 
There was very little difference in results produced in the flooring 
pats as all could be broken easily with the fingers. The mortar pats 
showed a greater variation in the effects of the water storage but 
little of definite value was obtained from these tests. Differences 
occurred more noticeably among the mixes of different proportions 
rather than among those containing cements burned at different 
temperatures. The mixes containing the smallest amounts of 
cement seemed to be less affected than the others, but this was 
not true in all cases. 


1 In this notation “B” refers to temperature of burning, “‘1’’ to sizing 
(see table I), ‘‘A’’ to mix (see composition page 575), and “‘M”’ signifies mortar. 
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The steam test gave results similar to those obtained by storing 
the pats in water, and the same general remarks as to effects of 
water storage may be repeated here. The steam test, however, 
was considerably more severe. 

Strength Determination 

Strength test specimens were made in both tension and com- 
pression. The Standard briquette and method of molding for 
testing Portland cement were used in the tension tests and 2” x 4” 
cylinders in the compression tests. The specimens were not placed 


The values used in plotting these curves 
were obtained by averaging the strengths — 
; of the three compositions, A, B, and C. 
sy Coarsely crushed ore Medium crushed ore Finely crushed ore 
6000 — 6 
& 
a 
= 5 h 

: HN 

ee a x Age 2 days 

600 650 700 800 400 600 650 700 800 00 600 650 700 800 900 


Temperature — degrees ©. 
Fic. 1.—Compressive strength of flooring mixtures as affected by size of ore 
and burning temperature. 


in a damp closet after molding but were protected from loss of 
moisture to the atmosphere by covering tightly with glass plates. 
At the end of 24 hours, they were removed from the molds and stored 
in the laboratory freely exposed to the atmosphere until tested. 

The results of the strength tests are given in table VI, each 
being an average of 3 tests. The effects of the calcining temper- 
ature and size of ore on the strength of the flooring and mortar 
mixtures are shown in figures 1 and 2, respectively. In order to 
avoid the use of the large number of curves necessary to show the 
tests in detail the results obtained from averaging the strength 
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of the three mixes of different proportions (A, B, and C) con- 
taining magnesia from the same burn were plotted. 

These data show that there is an optimum temperature re- 
quired for burning the magnesite, under the conditions used in 
these tests, to develop the best strength at the early period. 
Apparently the magnesia burned at 600 and 650°C was under- 
burned, though the question arises as to whether or not the mag- 
nesia was more active and required more chloride than actually 


7 I 1] | 
The values used in plotting these curves | 
were obtained by averaging the strengths 
of the. three compositions, A, B, and C. 
Coarsely crushed ore Medium crushed ore | Finely crushed ore 
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Fic. 2.—Compressive strength of mortar mixtures as affected by size of ore and 
burning temperature. 
used. ‘The disintegration of the test piece made from such burned 
material at late periods of storage and the results given in table 
VIII would indicate that under-burning was not the reason for 
the low strength of the low burned magnesia, but rather the use of 
too small an amount of chloride. Over-burning is apparent in the 
results obtained from the test pieces made from the finely crushed 
magnesia burned at 800 and 900°C. But this is manifested only 
by low early strength, as at the late periods the strength furnishes 
few data to assist at arriving at a proper burning temperature. 
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Comparing the strengths developed by the calcining of the 
coarse, medium, and fine ground ore at any one temperature it 
is clearly evident from the 24-hour strength alone that the fine 
ground material is the more readily burned. Hence after low 
burning it is the more active, while after calcination at the higher 
temperatures it is the more inactive. 

Figures 3 and 4 are for the purpose of comparing the 28-day 
strengths obtained in the use of different proportions of magnesia 
and aggregate. ‘There is very little difference in the strengths of 
the three flooring compositions, and even among the mortars, 
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Fic. 3.—Comparison of the compressive strengths of the various flooring 
compositions at the age of 28 days. 


in which the percentage of magnesia varies from 11 to 33 per cent, 
there is generally comparatively little difference in most cases. 
The maximum increase in strength resulting from a 200 per cent 
increase in magnesia content was only 87 percent. This difference 
of strength between the lean and rich mixtures occurred with the 
cements from the burns at the higher temperatures which were 
presumably the less active. These facts again suggest that low 
strength was not an inherent quality of the low burned magnesite, 
as in that case an increase in the proportion of magnesite within 
limits should have resulted in higher strengths. In other words, 


> 
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the low strength may have been due to the increased activity of 
the magnesia, advantage of which was lost by the use of the same 
amount of chloride as used in the more inactive product. 
Another interesting relation derived from the strength tests is 
shown in figure 5. It was noticed that the ratio of tensile strength 
to compressive strength varied a great deal in the tests on the 
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Fic. 4.—Comparison of the compressive strengths of the various mortar com- 
positions at the age of 28 days. 


flooring mixtures. By plotting the compressive strength against 
the ratio of tensile to compressive strength, it was found that all 
points fell in the close vicinity of a smooth curve, regardless of the 
magnesia or the proportions used. It may be seen that the tensile 
strength varies from approximately 10 per cent to 80 per cent of the 
compressive strength and that the ratio increases as the strength 
decreases. All results of the 28-day strength tests of the various 
flooring mixtures were used. The point to be emphasized is that 
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the relation between tensile and compressive strength is not a 
straight line relation in this type of mixtures, as is often as- 
sumed, but that the ratio of tensile to compressive strength varies 
considerably with the strength. 

The variation in this ratio is a great deal less among the mortar 
tests, being from about 8 per cent to 24per cent. Furthermore, 
the relation between tensile and compressive strengths, although 
somewhat similar to the above, is much less obvious. 
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Fic. 5.—Relation of tensile to compressive strength of the flooring mixtures 
at 28 days. 


Change in Volume 


The linear changes of specimens 1 inch by 1 inch by 14 inches 
long were measured by means of a Berry strain gauge. These 
bars were molded in the same manner as the briquettes, but the 
upper surface was left exposed to the air during the first 24 hours. 
They were then removed from the molds and stored in the air 
of the laboratory in a horizontal position supported at two points 
one-fourth the length from the ends with all sides exposed. 

Warping to a greater or lesser degree occurred in nearly all 
bars, usually beginning before the 28-day period. In nearly every 
case, the warping has been in the vertical plane with respect to the 
position in which it was molded and stored, with a bowing up of 
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the centers of the bars. It was thought that the manner in which 
they were stored might influence the warping, so one bar of some 
of the sets was stored with the side molded last facing down. 
These bars warped with the centers bowing down which showed 
that the warping was influenced to little extent by the storage 
position. The reason for this warping or unequal change in 
lengths of the top and bottom of the specimen is not evident. 
Without doubt errors were introduced in the results of these meas- 
urements on account of this, but since the change in volume was 
usually comparatively large in cases of bad warping, very accurate 
results were unnecessary. 

The results of these tests expressed in thousands of a per cent 
are given in table VII. The initial readings in a large number of 
cases were made at the time of final set but these are not shown. 
To make the table consistent throughout all calculations were 
based on the 24-hour reading. It may be seen that the behaviors 
of the various mixtures appear very erratic and very little relation 
seems to exist between change in volume and any of the other 
properties of the mixes or conditions of tests. This was somewhat 
disappointing in view of the fact that a greater knowledge of the 
causes and of means for preventing excessive changes in volume 
was most desired. At least a test by which materials undesirable 
in this respect may be excluded is essential before magnesia com- 
positions can be classed as a reliable building material. No very 
general conclusion can be drawn from the data. They indicate 
only certain trends—as the rich mixes expanding more than the 
lean ones the test pieces for the high burned magnesia expanding 
more than that from the low burned, and the more general con- 
stancy of the medium burned product. 


Miscellaneous Tests 

As previously mentioned, specimens from a number of mixes 
containing magnesia calcined below 700° showed signs of dis- 
integration within a comparatively short time. The only plaus- 
ible explanation of this seemed to be that there was an unusual 
amount of highly active magnesia present owing to the conditions 
of calcining and that the amount of magnesium chloride was in- 
sufficient to complete the reaction in the formation of magnesium 
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oxychloride. As a consequence the remaining active magnesia 
slowly hydrated with the accompanying increase in volume and 
disintegration of the test specimen. In accordance with this 
reasoning, magnesite cement mixtures containing an insufficient 
amount of magnesium chloride might disintegrate in time, de- 
pending upon conditions such as amount of excess active magnesia 
present, moisture conditions, type of aggregate and the proportion 
of magnesia to aggregate and to chloride. Also, the rate at which 
such hydration takes place would depend largely upon the extent 
to which the magnesite was burned. 

For the purpose of obtaining further information in this direc- 
tion, the mixture which disintegrated to the greatest extent was 
duplicated and gauged with solutions of higher concentrations. 
The test specimens which were gaged with the same strengt 
solution (22°Bé.) as was previously used failed to behave as expected 
in that no excessive expansion or disintegration occurred within 
the same period, although there was a retrogression in strength 
with age. This would indicate that the original magnesia had 
undergone some change during storage. No doubt, owing to its 
activeness toward moisture, partial hydration had taken place, 
making the ratio of magnesium chloride to active magnesia higher 
in the later tests. However very marked increases in strength 
resulted from the use of the higher gravity magnesium chloride 
solutions, and this prompted the following series of tests. 

Magnesite crushed to the fine size and calcined at 650° was 
used in the various compositions previously described and each of 
these wes gaged with several solutions of different gravities. 

The results of the strength tests are given in the first part of 
table VIII. It may be seen that by means of more concentrated 
solutions the compressive strength of each of these mixes was 
increased approximately from 300 to 600 per cent over that resulting 
from the use of the 22°Bé. solution. It seems therefore, that very 
much greater economy in the use of magnesite cement may be 
possible, that is, by the use of somewhat more concentrated so- 
lutions, a specified strength may be attained with considerably 
smaller proportions of magnesia. Furthermore, maximum strength 
does not result from any definite ratio between the magnesium 
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chloride and magnesia. ‘This statement is conclusive from the 
above data, together with the results of tests given in the second 
part of table VIII. In the latter series the ratio of magnesium 
chloride to magnesia was varied in each mixture by changing the 
percentage of solution rather than by changing the strength of 
solution. Under these conditions the strength was not increased 
by an increase in the above ratio as in the former series, which 
shows that the consistency (and perhaps the ratio of solution to 
magnesia) is an important factor. 

There are so many interesting and vital facts that can be brought 
out from the data in this table that it seems well to call particular 
attention to them. Thus the relation between the amounts of 
magnesia in the different mixes should be recalled,—the AF mix 
contains 50 per cent magnesia, BF 42.5 per cent and CF 35 
per cent. However note that the latter when gaged with 28° 
Bé. solution gives as good tensile strength as the AF mix 
when gauged with 25°Bé. solution and far better compressive 
strength. In the mortar the AM mix contains 33 per cent 
magnesia, the BM mix 22 per cent and the CN mix 11 per 
cent. Here again it is evident that the latter mix with a 
chloride solution of greater concentration (28°Bé.) than com- 
monly used produces practically as good tensile and compres- 
sive strength, especially at late periods, as the rich AM mix 
with a solution of either high or low concentration. However 
too sweeping deductions cannot be made from such comparison 
of the mixes, as a close study of the data shows that each mix 
requires a study of the amount and concentration of the chloride 
used to produce the best strength. If it were a matter alone of 
chloride-oxide ratio, then the different flooring mixes in which such 
ratios as .333 and .322 or .500 and .520, and the mortar mixes 
in which ratios as .188 and .201 or .266 and .261 or .325 and .329 
were used should give somewhat comparable results, but such 
is not the case. This is due almost undoubtedly to the fact that 
a differently proportioned mix of the same dry constituents was 
used. Hence as stated above the problem is not only one of 
consistency (amount of solution used) or chloride-oxide ratio 
but also the proper proportioning of the dry mix. 
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The striking feature of the data however is the fact that with 
such a very active magnesia as that used in this part of the in- 
vestigation it is not possible to develop its qualities by the use of a 
wet consistency (or high percentage) of 22° Bé. solution. In 
the mortar mixes, 4-14 is comparable with 5-3, in that they are 
identical dry mixes, but the former was gauged with 1S per cent of 
28°Bé. solution and the latter with 23.3 percent of 22°Bé. so- 
lution, producing in both cases the same chloride-oxide ratio. 
But the use of the higher gravity solution produced by far the 
better strength. The same relation exists between the dry mixes 
of 4-16 and 5-4 and when the consistency of the two was changed, 
though the chloride-oxide ratio was maintained the same by the 
use of.solutions of different gravity, better results were produced 
by the use of the more concentrated solution. Similar relations 
exist in the flooring mixes and hence similar comparisons can be 
made between mixes 4—5 and 5-7, or 4-8 and 5-S and again it will be 
noted that the increased strength has been produced by the greater 
concentration of the solution. Or the matter may be stated in 
another way by saying that a larger amount of a relatively weak 
solution (22°Bé.) will not give with any one mix as high strength 
as a less amount of a strong solution. 

Before leaving the study of these data it would be well to call 
particular attention to some of the very high strengths that have 
been obtained, especially with the very lean mixes, as for instance 
the flooring mix CF (758 and 638 Ibs. per sq. in. in tension and 
3560 and 3500 Ibs. in compression at the end of 24 hours) when 
either the 28° or the 34° Bé. solution, respectively, wasused. The 
flooring mix 4-7 containing 7.5 per cent more magnesia developed 
greater strength, but the strength of the 4—S mix is more than 
that required for practically all purposes and the more economical. 
The mortar mixes containing but 11 per cent magnesia also de- 
veloped very high strength with the more concentrated solutions, 
these ranging from 477 to 542 Ibs. per sq. in. in tension at 24 hours 
and 570 to 878 Ibs. at the end of 28 days; and in compression 
ranging from 5175 to 5315 lbs. per sq. in. at 24 hours and 6600 to 
8800 Ibs. at the end of 28 days. ‘The highest values of any mix, 
either flooring or mortar, were 1175 lbs. per sq. in. in tension at the 


594 BATES AND YOUNG—PLASTIC 


end of 7 days for the mortar mix containing 22% magnesia, gaged 
with 34° Bé. solutions, and 10950 Ibs. per sq. in. in compression 
at the end of 28 days for the same mix similarly gaged. 

The manner in which setting time was affected is shown in 
table IX. In practically all cases the time of setting of a mixture 
was lengthened by an increase in the concentration of the solution. 


TABLE IX—RESULTS OF SETTING TIME TESTS 


MgCh 
Compo- Per cent Ratio - solution Initial Final 
sition _ Marked solution MgO _ Bél. __hr min hr min 
AF {—] 72 290 22 20 l 50 
1—2 72 333 25 25 | 0) 
72 168 34 25 2 10) 
BF 4-3 68 322 22 30 2 50 
1-7 68 920 34 ] 25 2 50 
CF 4—4 67 B85 22 30 2 45 
1—5 67 500 28 15 l 60 
04 622 3 l 45 
AM 1-9 27 169 22 74 10 
4-12 27 188 25 5 10 
1-15 27 239 3] 10 5 
1-17 27 . 266 34 20 l 15 
BM 4-10 22 .201 22 } 15 
4-13 22 261 28 10 5 
4-18 22 325 3 35 l 10 
CM i—11 18 329 22 10 30 
4-14 18 427 28 20 ] 
4—16 18 478 3] 40 l 10 
4-19 18 532 34 1 15 2 15 
CF 5-5 5.9 327 22 0) 2 20 
5-6 76.6 140 22 45 2 55 
87 .0 500 22 5 () 
5-8 108.3 622 22 2 10 5 10 
CM 15.2 29 10 20 
59 10.5 375 29 1 15 
5-3 23.3 127 22 25 l 15 
16.1 178 22 l 50 


MAGNESIA CEMENTS 595 


This is contradictory to the results obtained by some investiga- 
tors. It was thought possible that the difference was due to the 
use of fresh low burned magnesite in one case and aged or higher 
burned magnesite in the other. Accordingly tests were made on 
magnesia from the F-3 burn and on two commercial compositions. 
The results of the tests on the high burned magnesia were similar 
to the above but even more pronounced, whereas the commercial 
mixtures set somewhat.more quickly as the concentration of the 
solution was increased. Other tests of this nature lead to the 
conclusion that the apparently conflicting results were probably 
normal, which may be explained by the fact that sufficient exposure 
of magnesia to allow considerable hydration to take place will 
reverse the effects of increasing the concentration of the solution 
as compared with the effects on freshly calcined material. 


Another point of importance is that higher concentrations of the 
solutions resulted in greater resistance to the action of water or 
steam on the set material. This was true without exception. 
The pats of all mixes gaged with a 22°Bé. solution became soft in 
the steam test but marked improvements were observed with each 
increase in the concentration of the solution. In fact the mixes 
containing the smallest proportion of magnesia and gaged with the 
34° Bé'. solution appeared to be little affected by the steam treat- 
ment. It is therefore probable that greater resistance of stucco to 
the weather may be accomplished in this way. 

However, before the use of strong solutions can be judiciously rec- 
ommended, more comprehensive and conclusive data pertaining to 
the effects on volume changes is necessary. The results of expansion 
tests on the mixes of series 4 up to the 28-day period show that dur- 
ing this time the change in volume is influenced considerably, in 
some instances increased and in others decreased. The concentrated 
solutions caused the flooring mixtures to expand during the first 48 
hours, but at the 28-day period the volume was approximately the 
same as the original, while those gaged with the 22°Bé. solution 
showed only a slight tendency toward expansion at the earlier pe- 
riods and considerable contraction at 28 days. In contrast with the 
above, increased concentrations of the solution caused very great 
contraction of the richest mortar mixtures during the first 24 hours. 
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Another dissimilar behavior of this same magnesia occurred in 
the tests in which only the amount of solution was varied (series 5). 
In this instance only the flooring mixtures were affected to any con- 
siderable extent. The driest flooring mixture contracted ().2 per cent 
in 28 days and as the percentage of solution (or the ratio of chloride 
to oxide) was increased, the contraction decreased until finally the 
highest percentage of solution resulted in an expansion of approxi- 
mately 0.05 percent. This further demonstrates the fact that a sat- 
isfactory explanation of the cause of changes in volume of such 
compositions is far from simple. There is no doubt that an 
explanation would involve a number of factors, some of which are 
dependent on others for their effectiveness in producing changes 
in volume. It would seem to follow, therefore, that such material 
as produced and used in practice, with the added variables neces- 
sarily introduced, presents a still more difficult problem in the 
matter of developing methods for avoiding the excessive changes 
in volume which persistently occur from time to time. Fortunately 
this does not seem to be the case. Limited tests indicate that 
in most of the stuccos and floorings the stresses developed due to 
a tendency toward a change in volume in the direction which 
might cause large cracks or buckling are usually sufficiently re- 
sisted by the high strength of the material itself, by its strong 
bonding power, and by the reinforcement, such as the fibrous 
aggregate, metal, or the material acting as the base. It may be 
that only the mixtures showing a very decided change in volume 
in the laboratory tests as made would give trouble in practice, 
providing, of course, that the material were properly placed. 
If this is true, then the problem is much less complicated than 
the laboratory tests might lead one to believe. 
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DESIGN OF A FURNACE FOR ANNEALING 
OPTICAL GLASS' 


By Dona.p E. SHARP 
ABSTRACT 


Design of a natural-gas furnace for annealing optical glass.—Most of the 
furnaces built for annealing regular glassware are unsuitable for optical glass 
due to irregularity and inequality of temperatures. . Working drawings are 
given for a successful optical glass annealing furnace operated by natural gas. 
The design is novel in the placing of the flues and burners in such a manner 
as to supply the heat and remove it in a symmetrical manner, thus obtaining 
uniformity of temperature. 

In the course of the manufacture of optical glass in this coun- 
try during the early days of the war, little was known of the de- 
sign and construction of the furnaces which had been employed 
for this work abroad, and it was consequently necessary to rely 
on the experience of glass furnace builders for designs. Suit- 
able designs for melting furnaces presented little difficulty to the 
few contractors whose services were available, but the annealing 
furnaces built were in some cases quite unsuitable for the careful 
treatment necessary in the proper annealing of optical glass. 
There were, to be sure, many lehrs and ovens already in success- 
ful operation in the glass factories of the country, but the heat 
treatment necessary for the successful annealing of bottles and 
thin articles of glass was found to be a much simpler process than 
the manufacture of large glass slabs and prisms of optical glass, 
which were sufficiently free from strain to enable their use in 
optical instruments of precision. Although the annealing tem- 
peratures of the glasses, and the proper cooling rates, had been 
determined, it was in many cases a hopeless task to attempt to 
hold the proper temperature for the length of time required, or 
to cool at the correct rate with the furnaces which were available. 

The furnaces which were first used by the author in the early 
days of the war, were of the oven or kiln type, and were designed 
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and built by a contractor who was experienced in the manufac- 
ture of such furnaces for the bottle trade. The annealing cham- 
ber proper was approximately 4 ft. wide by 6 ft. long, the arched 
crown being about 18” from the floor of the chamber and hav- 
ing a spring'of about four inches. ‘These furnaces would un- 
doubtedly have been perfectly satisfactory for annealing bottles 
or tableware, but were entirely unsuccessful in annealing slabs 
of optical glass. The chief causes of their failure were combus- 
tion faults arising from poor burner and combustion chamber 
design. ‘The temperature distribution was decidedly poor, and 
the free cooling rate so great that considerable fuel was neces- 
sary to maintain the furnace at the annealing temperature. 

The fuel available was natural gas of 1120 b. t. u. per cubic 
foot supplied at four ounces pressure, but this fuel, though an 
excellent one, required a great quantity of air for perfect combus- 
tion. ‘The burners used were eight in number, four on each side. 
Each burner consisted of a 1'/)” pipe extending through the side 
wall to the crown of the furnace and fitted on the outside with 
the ordinary commercial bunsen type of air-gas mixer. ‘The jet 
opening was poorly proportioned to the gas pressure, the size 
of pipe, and the natural draft of the furnace, and the result was 
a yellow flame, quite prone to “strike back,’”’ and heating a more 
or less local area. No trouble with the burners was encoun 
tered while the door of the furnace was open and the furnace 
being filled with glass, but it was frequently found that soon 
after closing the door the oxygen in the chamber had been en- 
tirely consumed, and the flame extinguished because the mixers 
were not functioning properly. 

The draft flues were in the conventional position, in the back 
wall of the furnace. The back was consequently always hotter 
than the front of the chamber, and the effect of this hotter por 
tion combined with the effect of the local hot areas from the indi- 
vidual burners was to cause inequalities in temperature amount- 
ing to from 50° to 100°C. 

The rapid free cooling rate of the furnace was due to the use of 
only eight inches of red brick as an insulating medium. ‘The 
outer walls of the furnace and the crown were so hot when the 
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furnace was in operation that they could not be touched. The 
expense of fuel used to supply heat lost by radiation was conse- 
quently considerable. 

In the absence of any better designs or any precedent by 
which to be guided, the author was prompted to take this work 
in hand, and as a result produced a rather unique design which 
not only overcame all of the faults of the furnace mentioned, but 
was found to require much less attention from the furnace opera- 
tor. The worst of the faults were removed simultaneously by 
altering the construction and type of the burners, their position, 
and the position of the flues. 


The burners used in the new design were of the perforated tube 
type; the size of jet and diameter of the burner holes which gave 
the best results being determined by trial. These dimensions 
and the general construction are shown in figure 1. It was found 
desirable to have many small holes rather than a few large ones 
strike back’’ when operat- 

3 rows of 80 holes each 


sé 


in order to prevent a tendency to 


Qvameter of oritice 

Diometer of burner holes 
Distance holes and rows 
Diameter of pipe 2° 


Fic. 1. 


ing at a low temperature. The total area of the holes was made 
sufficiently great so that there was no back pressure or chance 
for a smaller volume of gas-air mixture to issue through the holes 
than the volume required by the dimensions of the mixer jet. 

The system of flues, which may be understood readily by re- 
ferring to the figures, is in the opinion of the author an original 
one. ‘The auxiliary air ducts below the burner pipe insure a large 
enough supply of air to give perfect combustion even when the 
furnace is running at a high temperature, and prevent the flame 
from rising above the pipe as frequently happens when a large 
volume of gas is fed to a bunsen burner in a closed chamber. 
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The hot products of combustion pass up and over the breast wall 
to the furnace chamber and thence through holes in the top of 
the crown. It should be noted that the heat is thus supplied to 
the furnace in an entirely symmetrical manner. 

The flue on top of the furnace conducts the products of com- 
bustion to two vertical flues in the front of the furnace, from which 
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they pass into the large chamber directly under the furnace floor. 
This arrangement of the flues permits a greater transfer of heat 
to the front of the furnace which is normally the coldest portion, 
and removes a source of higher temperature in the already too hot 
rear of the furnace. The heat produced is, therefore, made al- 
most completely to encircle the glass in the chamber, the rear 
alone being neglected in this respect. By actual test the tem- 
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perature was found to vary by not more than five degrees centi 
grade throughout most of the chamber. Near the door the tem- 
perature was slightly lower than in the chamber proper, as was to 
be expected. 

The mechanical construction of the furnace is easily ascer- 
tained from the figures. For the eight-inch red brick wall used 
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Section BB 


in the old furnaces, there was substituted four inches of red brick 
and four and one-half inches of Sil-O-Cel insulating brick. ‘This 
additional insulation aided materially in reducing the loss by 
radiation and therefore the free cooling rate. At first this insulat- 
ing wall was planned to be nine inches thick, but the thinner 
wall was decided on by reason of the necessity of building the 
new furnaces on the foundations of the old ones. 
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The operation of the furnace was very simple. The stack 
draft was opened, the gas turned on and lighted and the auxiliary 
air vent closed; as the temperature of the furnace increased the 
air vent was opened a little at a time and only enough to pre- 
vent the flame from becoming luminous. Any greater amount 
of air admitted would merely mean that the flame would be 
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Jection C-C 

cooled by the excess air. Peep holes which were cut through 
the front of the furnace and just above the burners, made it easy 
to ascertain the character of the flame when necessary. ‘The 
furnace temperature having increased to the proper degree, the 
gas valve was set at the proper position to hold the temperature; 
this position being known by trial, and the air vent closed as far 
as consistent with proper flame conditions. 
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The work was then filled into the furnace, which took an aver 
age of nine hours time, and the annealing process started. If 
the schedule called for holding the furnace at a definite tem 
perature this was accomplished with little attention from the 
operator, but the slow cooling over the first drop of 50 to 100 
degrees necessitated more careful attention. The regulation 
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was accomplished by the manipulation of the main gate valve 
according to the personal judgment of the operator. 
‘ After the furnace had cooled to the point where its free cool 
ing rate was so low as to prevent permanent strain, the gas was 
shut off and the dampers, peep holes and so forth, closed and 
; sealed. After a drop of about a hundred degrees further, the 
§ stack dampers and air vent were opened slightly. From time to 
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Jection 
time these two dampers were opened wider to increase the cool- 
ing rate, until finally they were wide open. 
allowed to cool with no attention until the temperature was 


Common Brick 


The furnace was then 


low enough to permit the door to be opened without the chance 
of dangerous temporary strain being set up in the glass. 

The equipment used for temperature measurement consisted 
of Chromel-Alumel thermocouples, connected by compensating 
lead wire to a cold junction buried in the ground, and thence to a 
portable potentiometer. Actual measurements throughout the 
furnace proved that the temperature was so uniform that a single 
thermocouple encased in a one-half inch pipe extending through 
the top flue and crown into the furnace was sufficient. The end 


of the pipe was always lowered until it touched the glass. Tests 
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were made on the calibration of the couples at frequent inter- 
vals, although little variation was found and no trouble exper- 
ienced from this source. 

The results obtained by the use of this furnace have been quite 
satisfactory. An average furnace man, after a few days’ exper- 
ience, if provided with proper annealing schedules, could anneal 
one inch slabs to the grade of excellence called for in the regular 
commercial use of optical glass. By taking care in operating the 
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furnace, the author has succeeded in annealing large slabs two 
inches thick to about the practical limit of freedom from strain. 
A recent test of a slab annealed in this furnace showed a retarda- 
tion of less than 2.54 per cm when the glass was examined in 
the usual manner in polarized light between crossed nicols. 

The author does not claim that the above design could not be 
improved upon. In fact several changes could be made that 
might result in fuel economy and greater ease of control. The 
insulation, for instance, is important enough to justify a 9” wall 
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of insulating brick in place of the 4'/2” wall. The expense of this 
extra wall thickness might be lessened by using a 4!/2” insulating 
brick wall, together with an air space between the former and the 
common-brick shell. One would expect about as good results 
from the air space insulation as from the extra 4'/,” of insulating 
brick. At low temperatures, 7. e., below 200°C, an air space 
would be a very efficient insulator, and the exterior surface of 
the original 4'/.” Sil-O-Cel brick wall should be at a lower tem- 
perature than this. 

To test this latter conclusion, temperature measurements were 
made on the wall temperature of a furnace of this type. With 
the annealing chamber held between 400° and 500°C, the tem- 
perature in the center of the Sil-O-Cel wall varied between 120° 
and 130°C. The temperature at the center of the common- 
brick wall averaged between 70° and 74°C at the same time. 
These readings were taken with a mercury-in-glass thermometer 
inserted in holes drilled in the proper distance so that the bulb 
of the thermometer was at the center of the brick. Lead foil 
was packed around the bulb, and asbestos packing filled in the 
remaining space. 

Havard! states that an air space is a better insulator than a 
two-inch common brick wall, if the temperature of the hotter 
surface is below 625°C. This is quite evidently an error, as his 
figures were taken from a bulletin of the Bureau of Mines,” and 
the original gives this limiting temperature as 625°C absolute, or 
565°F, ordinary scale. This latter is also confusing, as it was 
doubtless meant for 665°F. It is evident that below 350°C, 
ordinary scale, an air space is as good an insulator as two inches 
of red brick. This limiting temperature would be lowered con- 
siderably, if an insulating material were employed in place of 
the red brick. It is unquestionable, however, that the air space 
would be as efficient an insulator under the conditions mentioned 
above, as the same thickness of insulating brick. 

Another alteration in the construction, which might increase 
the efficiency of the furnace, would be the use of 13” tile in place 


! Havard, “‘Refractories and Furnaces,’’ McGraw-Hill Book Co., 1912. 
2 Bulletin, No. 8, Bureau of Mines. ‘‘The Flow of Heat through Furnace 
Walls.”’ 
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of 8” in the flue, which takes the hot products of combustion 
from the chamber under the furnace floor. This flue could be 
made to run the entire length of the furnace before opening into 
the main flue leading to the stack. The main flue then must 
be placed at the front of the furnace. The 8” auxiliary air flue, 
which has its inlet at the front of the furnace, could then pass 
through the inside of the 13” flue tile, in such a manner that the 
heat in the latter would entirely surround the tile carrying the 
incoming cold air. The slight recuperative effect thus obtained 
ought to aid in maintaining a definite temperature and would 
undoubtedly result in economy in fuel. 

Proper annealing schedules may be quite easily worked out 
from the information given by Adams and Williamson' if the 
annealing temperature of the glass is known. By using their 
method with this type of furnace, prisms and large blocks up to 
10 cms in thickness have been satisfactorily annealed. 

SPENCER LENS Co. 


Optica, GLass PLANT 
HAMBURG, N. Y. 


1 T,, H. Adams and E. D. Williamson, J. Opt. Soc. Am., 4, 213 (1920). 
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THE TRANSVERSE STRENGTH OF FIRE-CLAY TILES AT 
FURNACE TEMPERATURES! 


By R. F. GELLER 
ABSTRACT 


Commercial fire-clay tiles, were tested at furnace temperatures, for trans- 
verse strength. This was supplemented by tests of tiles of known composition 
made in the laboratory. Moduli of rupture obtained varied from 245.5 
pounds per square inch at 1275°C, to 28.9 pounds per square inch at 1350°C 
but the data collected do not warrant definite conclusions. 

Introduction 

There has been in the past an insistent demand for data re- 
garding the transverse strength of fire-clay tiles at furnace tem- 
peratures for the purpose of guiding engineers in the design of 
metallurgical and other furnaces. The present work was intended 
to supply information on this subject as far as possible. 

The investigation consisted essentially in the testing of com- 
mercial fire-clay tiles of different makes for transverse strength 
at different temperatures supplemented by tests of tiles of definite 
composition made in the laboratory. 

Experimental 

Tiles were secured from four manufacturing concerns, situated in 
Colorado, Missouri, Kentucky and Pennsylvania, and were marked, 
respectively: C, M, K and P. ‘Two standard sized tiles were 
obtained, one being 12x12x2 inches and the other 26x9x3 inches. 

The tile C showed very little iron discoloration. The grog 
varied from approximately eight mesh to the finest grades. The 
structure was fairly dense and had every appearance of a well 
balanced proportion between calcined material and the bond clay. 
The refractoriness of this tile, as well as that of the others, was satis- 
factory the softening points being equivalent to cone 31 or above. 

Tile M possessed a dense structure but was spotted throughout 
with iron stain and slag. Blisters of '!/s inch or more in diameter 

1 Received April 30, 1921. Published by permission of the Director, 
U. S. Bureau of Standards. 
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were of common occurrence and quite uniformly distributed, 
indicating large amounts of ferruginous impurities. The average 
color was a dark buff and the fracture seemed to indicate that the 
body was composed mainly of fine quartz and bond clay, although 
some grog as coarse as four mesh and over was present. 

Tile K was made of a buff burning clay, the body containing 
a large amount of coarse material. It showed innumerable fine 
cracks of about '/, inch in length, running parallel to the face of the 
tile and indicating a lack of fine grog, causing the bond to shrink 
away from the coarser particles. 

The specimens marked P were composed of a white burning 
body showing no iron discolorations. Very little grog as coarse 
as eight mesh was in evidence and the structure as a whole was 
homogeneous and dense. 

The method of testing followed in this work is similar to that 
given by the American Society for Testing Materials in its specifi- 
cations for the determination of the resistance of fire-brick to load. 
Uniess otherwise stated, the heating schedule given for heavy 
duty refractories in which the temperature is raised from 100°C 
to 1350°C in four and one-half hours was followed. ‘The furnace 
used was of special construction and is shown in figure 1. It 
was first intended to fire two tiles simultaneously and a double 
loading device was provided. Owing to the uneven heating which 
the test specimens received, the furnace was altered so that only 
one tile could be tested. A baffle wall with checker work pro- 
tected the tile from the direct flame and after a few trial runs the 
openings were so adjusted that the top and bottom sides of the 
specimen were practically uniform in temperature. Cones placed 
in various parts of the chamber showed no variation and these 
results were checked by means of a thermocouple. ‘The special 
fire clay pieces used in supporting the tile and applying the load 
were made in the laboratory and consisted of 


No. 1 fire-brick ground to pass 


the 10 mesh sieve.............. 55% 
Kentucky ball clay No. 4......... 15 
15 


These were burned to cone 12 and gave very satisfactory service. 
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The furnace was covered with flat tiles 10x4 inches in cross 
section which at first caused considerable trouble by warping 
and cracking. This was due no doubt to the temperature gradient 
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to which they were subjected, varying from 1350°C on the inside 
to approximately 100°C on the outside. ‘Tiles of the following 
composition, burned to cone 12, were then made and no further 
trouble encountered: 


( (75% ground No. | fire-brick, 4 to 60 mesh) 


Grog < > 60% 
(25% ground No. 1 fire -brick thru 60 mesh) 
Tennessee ball clay No. 5..... 15 


The results obtained on specimens Cc: are e shown in table I. 

In the first two burns the load was applied, until failure occurred, 
as soon as 1350°C was reached. The moduli of rupture lie fairly 
closely together, and when the load was applied at a lower tem- 
perature, as shown in the third burn, higher results were obtained, 
as would be expected. A greatly increased span (see runs 4 and 5) 
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TABLE I 

Span Cross Highest Load Length 

in section, temp., in of burn 
inches inches << pounds Hr. Min. Remarks 

11 12°x2” 1350 84 4 30 M = 28.9 Ibs./sq. in. 
16 9”"x3” 1350 113 4 37 M = 33.5 “ 
14 9”"x3” 1325 209 4 15 M = 4.2 “ er 
24 9°x3” 1325 20 4 15 Failed at this temp. 

24 83/,"x3" 1275 20 4 00 

12 6°x2” 1320 20 4 20 

14 97x3” 1300 20 6 30 Medium schedule 

Preheated to 425°C 
6 6"x2’ 1300 20 7 00 Medium schedule 


Preheated to 500°C 
caused failure before the desired temperature was reached and the 
same was true in experiment 6 where the cross section was half 
of that in run No. 1. 

It was then decided to preheat the tile slowly, to insure uniform 
thermal conditions, and to double the time element in the heating 
curve in order to guard against any strains resulting from a too 
rapid rise of temperature. As shown in runs 7 and 8, the tile 
actually proved weaker under these conditions. This would 
seem to indicate that failure occurred, not because of strains due to 
thermal changes, but to actual weakness of structure in the tile 
at high temperature. The load of twenty pounds was applied 
by means of the special fire-clay block which had this weight and 
which was used in breaking the tile. It was intended in the first 
place to serve for the transmission of the pressure from above. 
This weight rested on the specimen from the beginning of the burn. 

No positive results were obtained from the tests of the tiles M. 
The data relating to this work are shown in table IT: 

TABLE ‘“M”’ 


Span Cross Highest Load Length 

in section, temp., in of burn 

inches inches a pounds Hr. Min. Remarks 

12 113/,”x2” 1350 20 4 37 Failed at this temp. 

20 1300 20 4 15 ‘a 

12 9”x3” 1300 21 8 00 Medium schedule. Pre- 
heated 450°C 

14 9”x3” 1275 20 Medium schedule. Pre- 
heated 450°C 

12 113/,”x2” 1275 640 3 £45 M = 245.5 lbs./sq. in. 


24 9”"x3” 1175 21 3 30 Failed at this temp. 
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The first two runs and the last resulted in failure. The first 
had not failed when 1350°C was reached although it had bent a 
little, but after holding seven minutes at this temperature, it 
gave way completely. With preheating and a more moderate 
firing schedule, shown in tests 3 and 4, the specimens had less 
strength, similar to tile C. In run No. 5, it was decided to apply 
a breaking load at a temperature of 1275°C since 1350°C appeared 
to be a critical point as related to the strength of the tile. A 
high modulus of rupture of 245.5 pounds per square inch was 
obtained, and is evidently due to the lower temperature employed. 

Test pieces K composed of the buff burning body, containing 
a large proportion of coarse grog, gave rather poor results, as 
shown in table III: 


TABLE “K”’ 


Span Cross Highest Load Length 
in section, temp., in of burn 
inches inches “— pounds Hr. Min. Remarks 
16 9”"x3” 1300 20 4 30 Failed at this temp. 
18 9"x3” 1275 20 8 17 Failed at this temp. 
Preheated 275°C 
14 9”x3” 1275 20 3 15 Failed at this temp. 
Preheated 275°C 
24 9°x3” 1150 20 3 18 Slowly gave way at this 
temp. 
8?/s 9”"x3”" 1350 447 5 30 Held at 1350°C for 1 


hour. One-third of tile 
at each end held rigid in 
brick wall. 

M = 35.9 lIbs./sq. in. 


The first four burns resulted in failure before the maximum 
temperature of the heating curve was reached. As the data 
indicate, preheating again increased the weakness of the tile. 
It was then decided to alter the conditions of the test in order to 
more nearly approximate actual conditions under which tile are 
used. Accordingly, one-third of the tile at each end was firmly 
embedded in a brick wall. This left one-third of the tile, or eight 
and two-thirds inches, as a span between the walls. The tem- 
perature was raised to 1350°C as before, but held there for one 
hour before applying the critical load. A modulus of rupture 
of 35.9 pounds per square inch was obtained. The method of 
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testing described above was again applied to the tile P. In this 
case the specimen developed a modulus of rupture of 28.75 pounds 
per square inch which is less than that of tile K, although as the 
data given in table IV show, tile P in every other case appears to 
be stronger. Since the large mass of brick required to build the 
walls in this test caused an uneven distribution of heat, the results 
can not be considered of much significance and no more tests of 
this kind were made. 


TABLE IV—TILE “P”’ 


Span Cross Highest Load Length 
in section, temp., in of burn 
inches inches — pounds Hr. Min. Remarks 
18 9"x3” 1350 20 4 30 Failed 
16 9"x3” 1350 464 5 00 M = 187.4 lbs./sq. in. 
10 2's” 1350 83 5 00 M = 26.0 Ibs./sq. in. 
20 9x38” 1325 20 4 Failed at this temp. 
12 9"x3” 1300 20 8 O00  Preheated to 450°C 
10 6°x2” 1300 158 4 15 M = 98.7 Ibs./sq. in. 
6 6°x2” 1300 20 7 #15  Preheated to 500°C. Failed 
14 9°x3” 1175 20 7 OO  Preheated to 275°C. Failed 
8?/; o°’x3" 35 314.3 5 30 Held at 1350°C for 1 


hour. '/; of tile at each 
end held rigid in brick 
wall. M=28.75lbs./sq. 


in. 


Considering the other tests made on tile P, we again find, as 
shown in runs 5, 7 and 8, that preheating tends to weaken the 
tiles at the higher temperatures. Run No. 2 shows an abnormally 
high strength which can not be explained from the data at hand. 
The modulus of rupture obtained in test No. 3, however, agrees 
fairly well with that of tests 1 and 2, as shown in table 1. In 
run No. 6, the modulus of rupture of 98.7 pounds per square 
inch may not be inconsistent with others obtained considering 
that the tile was broken at 1300°C. 

In order to test a specimen of known composition, a few tile 
were made at the Bureau of Standards. These tile burned to a 
very pale buff at cone 12 and were quite dense, the structure 
resembling that of tileC. They consisted of 40 per cent of silicious 
Arkansas fire-clay and 60 per cent grog. The grog was a calcined 
mixture of equal parts Kentucky ball clay No. 4 and Georgia 
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kaolin, ground to such fineness that 75 per cent graded from 10 
to 60 mesh and 25 per cent passed through the 60 mesh screen. 
The data obtained relatively to these tiles are shown in table V. 


TABLE V 
Span Cross Highest Load Length 
in section, temp., in of burn 
inches inches °C pounds Hr.Min Remarks 
10 27/3"x8!/." 1350 20 8 OO Preheated 300°C. Held at 
1350°C for 20 min. 
15'/2 27/3"x81/2” 1350 75 7 30 Held at 1350°C for 1 hour. 
Load applied over 4!/. inch 


bearing surface 
13 27/3"x8)/2” 1350 150 8 OO Preheated 300°C. Load ap- 
plied as above 
Although a short span was used, the specimen in run No. 1 com- 
pares favorably with the commercial tile C considering that it 
was preheated and also held at 1350°C for twenty minutes before 
failure occurred. Tests 2 and 3 on the Bureau tile were made under 
somewhat different conditions. In place of knife edges, the tile 
were supported on bricks and the load also applied with a brick 
as the bearing surface. As the results show, considerably more 
strength was developed but it was obvious from the appearance 
of the fracture that the force exerted was not one of pure bending, 
but a combination of bending and shear. 

In each burn the deflection of the tile at the center was observed 
by means of a cathetometer. A gradual lowering could be meas- 
ured during the ten to fifteen minutes preceding the collapse of 
the specimen. After removing from the furnace the test pieces, 
however, showed no signs of softening or bending, failure in every 
case being due to a sharply defined break. 


Conclusions 


Sufficient data have not been obtained to warrant definite 
conclusions, but it would seem that: 

(a) At the temperature of 1350°C commercial brick-clay tiles 
as now manufactured have very little transverse strength. 

(b) Tiles containing comparatively fine grog, graded to produce 
a body having a minimum of voids, possess the greatest transverse 
strength at high temperatures. 


FIRE-CLAY TILES AT FURNACE TEMPERATURES 615 


(c) Transverse strength decreases rapidly with increase in 
temperature and vice versa as shown by the moduli of rupture 


obtained: 
Lbs. sq. in. 
1350 28.9 
1350 33.5 
1350 26.0 
1325 54.2 
1300 98.7 
1275 245.5 


(d) The test as now conducted is too rigorous to determine 
with sufficient accuracy the effect of smail variations in the struc- 
ture of the tile or the physical conditions of the test, 7. e., span, 
cross section and temperature. 

The writer wishes to thank the manufacturers concerned for 
their interest in furnishing the tiles. 
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A. J. Lindemann & Hoverson Co. 

Lindsay Light Co. F, H. Riddle, Chairman 

Los Angeles Pressed Brick Co. Jeffrey-Dewitt Co, 


Louthan Manufacturing Co. Detroit, Mich. 


JOURNAL AMERICAN CERAMIC SOCIETY 
Preparation of Abstracts 


Every article in TH1s JOURNAL is to be preceded by an abstract prepared by 
the author and submitted by him with the manuscript. The abstract is in- 
tended to serve as an aid to the reader by furnishing an index and brief sum- 
mary or preliminary survey of the contents of the article; it should be suitable 
for reprinting in an abstract journal so as to make a reabstracting of the ar- 
ticle unnecessary. ‘The abstract should, therefore, summarize all new in- 
formation completely and precisely. Furthermore, in order to enable a reader 
to tell at a glance what the article is about and to enable an efficient index of 
its subject matter to be readily prepared, the abstract should contain a set of 
subtitles which together form a complete and precise index of the informa- 
tion contained in the article. This requires at least one and often several 
subtitles even for a short abstract. 

In the preparation of abstracts, authors should be guided by the following 
rules, which are illustrated by the abstracts in THIS JOURNAL for February and 
March, 1921.* The new information contained in an article should first be 
determined by a careful analysis; then the subtitles should be formulated; and 
finally the text should be written and checked. 


Rules 


1. Material not new need not be analyzed or described in detail; a valuable 
summary of a previous work, however, should be noted with a statement in- 
dicating its nature and scope. 

2. The subtitles should together include all the new information; that is 
every measurement, observation, method, improvement, suggestion and 
theory which is presented by the author as new and of value in itself. 

3. Each subtitle should describe the corresponding information so pre- 
cisely that the chance of any investigator being misled into thinking the ar- 
ticle contains the particular information he desires when it does not, or vice- 
versa, may be small Such a title as ‘‘A note on blue glass,’”’ for example, is 
evidently too indefinite a description of information regarding ‘Absorption 
spectra of glass containing various amounts of copper-cobalt and chromium- 
cobalt.’”’ General subtitles, such as ‘‘Purpose’’ and ‘‘Results’’ should not be 
employed as they do not help to describe the specific information given in the 
article. 

4. The text should summarize the authors’ conclusions and should trans- 
cribe numerical results of general interest, including those that might be 
looked for in a table of physical and chemical constants, with an indication 
of the accuracy of each. It should give all the information that anyone, not 
a specialist in the particular field involved, might care to have in his note book 

5. The text should be divided into as many paragraphs as there are distinct 
subjects concerning which information is given, but no more than necessary. 
All parts of subtitles may be scattered through the text but the subject of each 
paragraph, however short, must be indicated at the beginning. 

6. Complete sentences should be used except in the case of subtitles. The 
abstract should be made as readable as the necessary brevity will permit. 


7. The ms. of all abstracts must be typewritten and double or triple spaced. 


* The rules were prepared by the Research Information Service of the 
National Research Council. The Society is indebted to Dr. G. S. Fulcher of 
the Corning Glass Works (formerly with the National Research Council) for 
the rules and the illustrative abstracts. 
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These illustrations made from photographs 
taken in the plant of Ingram-Richardson 
Mfg. Co., Beaver Falls, Pa. 


“Our U. S. Enamel Furnaces 
Increase Output 25% per day at 
a Saving of 50% in Fuel Cost.” 


Ingram-Richardson Mfg. Company claim those re 
markable results for their U. S. Enamel Furnaces. 
With four U. S. Furnaces operating at their plants 
at Frankfort, Indiana, and Beaver Falls, Pa., they are 
saving thousands of dollars yearly in fuel and labor. 


Their white and colored enamels are smelted in quick 


time, with low loss. 


The work is easy and sure. The 


Furnace is under perfect scientific control. The melt- 


ing process is visible. 


The Furnace rotates while melt- 


ing and tilts when pouring. Linings last longer and 


cost less. 


The U. S. Enamel Furnace is saving money over the 


old brick smelter 
Company plant. 


in the Ingram-Richardson Mfg. 


It will do the same for you. 


Let the U. S. Furnace 
melt your enamel. 


Write for specifications and prices 
on 60 Ib., 150 lb., 400 lb., 750 lb., and 
1200 lb. Enamel Furnaces. We will 
send photographs and list of users 
where furnaces are in operation. 


THE 


U. S. SMELTING FURNACE CO. 
BELLEVILLE ILLINOIS 
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Alum 
Speed Your Drying | aes 
( 
Improve Your Ware a 
AUTOMATIC DRY- 
ING AND CONDITION- | 
ING MACHINE for Clay | 
Rolls and Spark Plug he 
Blanks—dries and con- Boil 
ditions Spark Plug Cores in Bolti 
3 hours, where it previously Brick 
required 48 hours. All and 

cores are uniformly dried 
when delivered and are —_ 
ready at once for turning. Com 
Cera 

“HURRICANE” DRYERS 
Ceré 

CONTINUOUS TUN- 

NEL TRUCK DRYER— 

One of the largest installa- clay 

tions for Drying Electrical < mn 

Porcelain in the country. S Jide 

This machine reduced the ,iR=p=TS 

time to about one-sixth Feo 

what it formerly took, with 

practically no checked Cla 

ware, besides making large di 

savings in handling and | ‘ | 

labor costs, and floor space. 

Cla 
For Economy of Operation, Quicker Drying and Cla 
Better Ware, “HURRICANE” DRYERS have made Cla 
their own reputation in the Ceramic Industry. Their 
success is based on Satisfactory Service, backed by Cla 
over 30 years’ drying experience. ' 
May we serve you? Cla 

Truck and Automatic Systems Cle 
The Philadelphia Drying Machinery Co. 
Main Office and Works ol | ° Boston Off 
3351 Stokley St. Philadelphia 53 State St. a 
Co 
Co 


BUYERS’ GUIDE 


Acid-Proof Chemical Stoneware 
General Ceramics Co. 
Air Compressors 
General Electric Co. 
Alternators 
General Electric Co. 
Alumina (Hydrate and Calcined) 
Pennsylvania Salt Mfg. Co. 
Auger Machines 
Chambers Brothers Co. 
Crossley Machine Co. 
Manufacturers Equipment Co. 
Automatic Cutters 
Chambers Brothers Co. 
Automatic Stove Rooms 
Philadelphia Drying Mch. Co. 
Ball Mills 
Abbé Engineering Co. 
Crossley Machine Co. 
Hardinge Co. 
Blowers (Pressure) 
Abbé Engineering Co. 
Boiler Insulation 
Celite Products Co. 
Bolting Cloth 
Abbé Engineering Co. 
Brick (Insulating) 
Celite Products Co. 
Brick Making Machinery 
Chambers Brothers Co. 
Caustic Soda 
Pennsylvania Salt Mfg. Co. 
Cement (Insulating) 
Celite Products Co. 
Ceramic Plant Equipment 
Abbé Engineering Co. 
Chambers Brothers Co. 
Crossley Machine Co. 
Philadelphia Drying Machinery Co 
Proctor and Schwartz, Inc 
Manufacturers Equipment Co. 
Ceramic Chemicals 
Drakenfeld Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Paper Makers Chemical Co 
Roessler and Hasslacher Chemical Co 
Vitro Mfg. Co. 
Clay (Ball) 
Goebel & Co., J. 
Clays (China) 
Edgar Brothers Co. 
Drakenfeld and Co., B. F. 
Goebel & Co., J. 
Paper Makers Chemical Co. 
Roessler & Hasslacher Chemical Co. 
Clay (Electrical —Porcelain) 
Edgar Brothers Co. 
Paper Makers Chemical Co 
Clays (Enamel) 
Goebel & Co., J. 
Clay (Fire) 
Edgar Brothers Co. 
Goebel & Co., J. 
Paper Makers Chemical Co. 
Grand View Fire Clay Mines 
Clay (Pot, Tank Blocks) 
Goebel & Co., J. 
Clay (Potters) 
Goebel & Co., J. 
Clay (Sagger) 
Edgar Brothers Co. 
Grand View Fire Clay Mines 
Paper Makers Chemical Co. 
Clay Handling Machinery 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Manufacturers Equipment Co. 
Clay Miners 
Edgar Brothers Co. 
Grand View Fire Clay Mines 
Clay Washing Machinery 
Crossley Machine Co. 
Clay Working Machinery 
Abbé Engineering Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co 
Manufacturers Equipment Co. 
Colors 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 


Roessler and Hasslacher Chemical Co. 


Vitro Mfg. Co. 
Conditioning Machinery 

Philadelphia Drying Machinery Co. 
Conical Mills 

Hardinge Co. 


Conveyors (Clay, Sand, Brick, etc.) 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Philadelphia Drying Machinery Co. 
Manufacturers Equipment Co. 

Controllers (Automatic Temperatures) 
Charles Engelhard 


7 Controllers (Electric) 


General Electric Co. 

Crucibles (Clay, Sand & Black Lead) 
Goebel & Co., J. 

Crushers 
Abbé Engineering Co. 

Chambers Brothers Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co 
Hardinge Co. 

Manufacturers Equipment Co. 

Decorating Supplies 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 

Disintegrators 
Abbé Engineering Co. 

Chambers Brothers Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Manufacturers Equipment Co. 

Doors (Kiln-Dryer) 

Manufacturers Equipment Co. 

Draft Gauges 
Brown Instrument Co. 

Dryers (China Ware—Porcelain) 
Philadelphia Drying Machinery Co 
Proctor and Schwartz, Inc. 

Russel Engineering Co. 

Dryers (Radiated Heat) 

Manufacturers Equipment Co. 

Drying Machinery 
Crossley Machine Co 
Philadelphia Drying Machinery Co 
Proctor and Schwartz, Inc 
Manufacturers Equipment Co. 

Electrical Instruments 
Brown Instrument Co. 

Charles Engelhard 
Wilson-Maeulen Co. 

Electrical Porcelain Machinery 
Crossley Machine Co. 

Enameling Furnaces 
U. S. Smelting Furnace Co 

Engineering Service 
Abbé Engineering Co. 

Crossley Machine Co. 

Chambers Brothers Co 

Hadfield-Penfield Steel Co 

Manufacturers Equipment Co. 

Philadelphia Drying Machinery Co. 

Proctor and Schwartz, Inc. 

Russell Engireering Co. 
Equipment (Electrical) 

General Electric Co. 

Extruding Machines (Lab. Use) 
Chambers Brothers Co. 

Feldspar 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co 
O'Brien and Fowler 
Roessler & Hasslacher Chemical Co 

Filtering Machinery 
Abbé Engineering Co. 

Crossley Machine Co. 

Furnaces 
U.S. Smelting Furnace Co. 

Fused Silica Ware 
General Ceramics Co. 

Gold 
Harshaw, Fuller and Goodwin Co 
Roessler and Hasslacher Chemical Co 

Glazes and Enamels 
Harshaw, Fuller and Goodwin Co 
Roessler and Hasslacher Chemical Co. 
Vitro Manufacturing Co. 

Ilmenite 
Buckman and Pritchard, Inc. 

Impervite (Refractory and Hard Porcelain) 
Charles Engelhard 


Jar Mills 
Abbé Engineering Co. 
Jiggers 


Crossley Machine Co. 
Hadfield-Penfield Steel Co. 


HARDINGE CONICAL 


JOURNAL OF THE 


The Achievement 


of a Simple Grinding Device 


Ten years ago the Hardinge Conical Mill 
was an experiment; 


Today the largest grinding units in the 
world are batteries of Hardinge Mills; 


These batteries combined with hundreds 
of smaller units, grinding wet and dry, 
have a yearly capacity well in excess of 
70 million tons. 


Surely no device can establish such an 
imposing record without possessing merits 
far beyond the ordinary. 


HARDINGE: COMPANY 


BROADWAY. NEW .N-Y. 


= 
Lo., u.s. NOL BUILDING 
SPOKANE. VWASH..OLD NATIONSL BANK BUILDING 
SALT LAKE CITY. UTAH, NEWHO' ose BUILDING 
LONDON, ENG. 11-13 SOUTHAMPTON ROW 
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BUYERS’ GUIDE (continued) 


Kaolin 
Edgar Plastic Kaolin Co. 
Harshaw, Fuller and Goodwin Co 
Roessler & Hasslacher Chemical Co. 
Kiln Insulation 
Celite Products Co. 
Kryolith 
—Pennsylvania Salt Mfg. Co. 
Laboratory Mills 
Abbé Engineering Co. 
Crossley Machine Co. 
Magnesia Refractories 
General Ceramics Co. 
Mills (See under Ball Milis) 
(See under Pebble Mills) 
Minerals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co 
Roessler and Hasslacher Chemical Co 
Mixing Machines 
Chambers Brothers Co. 
Motors (Electrical) 
General Electric Co. 
Muriatic Acid 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co 
Oxides 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Paper Makers Chemical Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co 
Pans (Wet and Dry) 
Chambers Brothers Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Manufacturers Equipment Co. 
Pebble Mills 
Abbé Engineering Co, 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Plate Feeders 
Chambers Brothers Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Manufacturers Equipment Co 
Porcelain Balls and Lining 
Abbé Engineering Co. 
Pottery Machinery 
Abbé Engineering Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co 
Manufacturers Equipment Co. 
Pulverizing Machinery 
Abbé Engineering Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Manufacturers Equipment Co. 
Producer Gas Burning Systems 
Manufacturers Equipment Co. 
Pressure Measuring Instruments 
Brown Instrument Co. 


Pumps 
Abbé Engineering Co. 
Pug Mills 


Chambers Brothers Co. 

Crossley Machine Co. 

Hadfield-Penfield Steel Co. 

Manufacturers Equipment Co. 
Pulverizing Mills 

Abbe Engineering Co. 

Crossley Machine Co. 


Hadfield-Penfield Steel Co. 
Hardinge Co. 
Pyrometers (Indicating) 
x Brown Instrument Co 
Charles Engelhard 
Wilson-Maeulen Co. 
Pyrometers (Recording) 
Brown Instrument Co 
Charles Engelhard 
Wilson-Maeulen Co. 
Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Charles Engelhard 
Montgomery Porcelain Products Co. 
Recording Instruments 
Brown Instrument Co. 
Charles Engelhard 
Refractory Materials 
Buckman and Pritchard, Inc 
Regulators (Automatic Temperatures) 
Charles Engelhard 
Rutile 
Buckman and Pritchard, Inc. 
Sagger Presses 
Chambers Brothers Co. 
Crossley Machine Co. 
Hadfield-Penfield Steel Co. 
Selenite of Sodium 
Drakenfeld and Co., B. F. 
Vitro Mfg. Co. 
Silica (Fused) 
General Ceramics Co 
Silex Lining 
Abbé Engineering Co 
Solid Porcelain Sanitary Ware 
General Ceramics Co. 
Smelters 
U.S. Smelting Furnace Co. 
Sulphuric Acid 
Drakenfeld and Co., B F. 
Harshaw, Fuller and Goodwin Co 
Pennsylvania Salt Mfg. Co 
Roessler and Hasslacher Chemical Co 
Temperature Instruments (Measuring) 
Brown Instrument Co. 
Charles Engelhard 
Thermometers (Electric Resistance) 
Brown Instrument Co. 
Charles Engelhard 
Wilson-Maeulen Co. 
Tile Machinery (Floor and Wall) 
Crossley Machine Co 
Tubes (Insulating) 
Montgomery Porcelain Products Co. 
Tubes (Pyrometer) 
Charles Engelhard 
Montgomery Porcelain Products Co 
Tube Mills 
Abbé Engineering Co 
Tunnel Kilns 
Russell Engineering Co 
Vacuum Pumps 
Abbé Engineering Co. 
Waterproofing Materials 
Celite Products Co. 
Whiting 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co 
Roessler and Hasslacher Chemical Co 
Zircon (Miners of) 
Buckman and Pritchard, Inc. 
Zirconium Silicate (Fire Cement) 
Buckman and Pritchard, Inc. 
Zirconium Silicate (Refined) 
Buckman and Pritchard, Inc 
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(1) Abbé Engr’g Co., Outside back cover 
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RUSSELL 


(Zwermann Patents) 


TUNNEL KILNS 
\ Mt This New Book ts a 
tig Treatise on the Sctentific 
and Modern System for 
er Firing all Clay Wares in the 
\= Tunnel Kiln. The Russell Kiln ts 
Adapted to the use of Producer Gas, Oil 

or Natural Gas as Fuel. 

A Copy of “Mopern Firinc” Awaits Your Request 


RUSSELL ENGINEERING CO. 
RAILWAY EXCHANGE BUILDING ST. LOUIS, MO. 
22 


1 


We Have Faith in Our Goods so We Ad- 


vertise Here— 


The Underwood Producer Gas System, patented, saves fuel and 
labor in burning clayware, baking carbon products, roasting ores, 
heating lehrs in glass factories, also revolving pots, etc., and enam- 
eling metal ware. 


The Justice Radiated Heat and Waste Heat Dryers for drying 
structural clayware have no equal in economy and efficiency. 


““Meco”’ Single Roll Rock and Shale Crushers, Elevators, con- 
veyors, and feeders make up the most complete clay preparing 
outfit, a necessity in every clay plant when material must be 
ground and screened. Write us about these things. To answer 
is our pleasure. 


THE MANUFACTURERS EQUIPMENT CO. 
Dayton, Ohio, U.S. A. 
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THE 


HADFIELD f# CLAY PLANT EQUIPMENT 


PENFIELD 


STEEL CO. We build every machine and appliance required 
33. for making various Clay Products. Correspon- 

: dence solicited. We also build Rotary Driers, 

BUILT RIGHT Cement Mchy, Fuel Oil Engines (Diesel Type), 
RUN RIGHT Gasoline Locomotives, Ship Deck Equipment, etc. 


The Hadfield-Penfield Steel Co., Bucyrus, Ohio. 


Formerly The American Clay Mchy. Co. 


BUCYRUS OHIO 
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Quality Uniformity Experience 


Edgar QUALITY Clays 
REALLY washed—Hisghest percentage clay substance 


Brands Produced by 
Edgar Florida Kaolin. Plastic Kaolin Co. 
Edgar Georgia Paper Clay and Kaolin. _..Edgar Brothers Co. 
Lake County Florida Clay_---.-.-.---- Lake County Clay Co. 


One Management — Office, Metuchen, N. J. 


GRAND VIEW FIRE CLAY MINES 
Miners of Highest Grade 

BURNT POT, BLOCK FORM MISSOURI FIRE CLAY 


CRUDE GROUND 


BURNT GROUND and 5021 Fyler Avenue 
SO, SAINT LOUIS, MISSOURI 
CLAYS OF ALL KINDS 12-21 


FELDSPAR 


Highest Grade Crude Rock Feldspar 
Pottery and Dental Trades 
Derry Spar ground by Dominion Feldspar Corporation 
QUARTZ, ELECTRICAL MICA, PHOSPHATE, ETC. 


O’BRIEN & FOWLER 
511 UNION BANK BUILDING 
OTTAWA CANADA 
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Standard Economizer of the Brick Industry 
SAVED !/3 FUEL 


Accurate control of temperature in firing kilns, for burning brick, terra-cotta, tile, sewer 

pipe, etc., means a greater percentage of Ist class ware produced,—less fuel consumption 

and has accomplished a saving of 44 time for burning. 

Let our engineers tell you what Brown Pyrometers will save you. Write today for catalog 

No. 62, on Recording Thermometers for Dryers. Address the Brown Instrument Co., 
4513 Wayne Ave., Philadelphia, Pa. 


Brown Pyrometer. 


Electrical Porcelain, General Ware, Sanitary Ware, 


tor 
‘Troe Pochor’ Tile, Brick and other clay Products are dried by 
“Proctor” Dryers with results superior in quality, 
<DRYERS efficiency and economy. Let us send you our catalogue. 
PROCTOR & SCHWARTZ, Inc. Philadelphia, Pa. 
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GROSSALMERODE CLAY FOR GLASSHOUSES, ENAMELERS ETC. 1 


~ AYS @ Collective Index 
OF QUALITY t to get the best result 


& IMPORTED 
— from your 


ys GOEBEL & @, Transactions and Journal 


67 CORTLANDT STREET 
REASONABLE PRICES ~- QUALITY Send $1.50 to 
SERVICE 
1 CHAS. F. BINNS, Secy 


12-21 


TWO NEW DEPARTMENTS 


Will be inaugurated in an early issue of the 
“JOURNAL.” A Professional Directory and 
department for Classified Advertising, including 
“help wanted” -- “situations wanted”’ etc. 


Rates are low -- Write for full information 


L. R. W. ALLISON, :: Manager Advertising 


170 Roseville Ave. Newark, N. J. 
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ENGLISH 
AND 
DOMESTIC 
CLAYS 
FOR 
ALL 
CERAMIC 
PURPOSES 


—PMCCO— 


MEANS SERVICE, QUALITY AND PRICE 


PAPER MAKERS CHEMICAL Co. EASTON, PA. 


VITRO 
CHEMICALS 


SELENITE of SODIUM 
ARTIFICIAL CRYOLITE 


for white and opalescent glass 


SODIUM SILICO FLUORIDE 
UNDERGLAZE COLORS 


for high temperatures 


POTTERY GLAZES & ENAMELS 
The Vitro Mfg. Co. Pittsburgh, Pa. 
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PERFECTION 
POTTERY KILNS 


FOR FIRING BUSCUIT, CLAY BODIES AND GLAZES 
EQUIPPED FOR KEROSENE OIL, 
MANUFACTURED AND NATURAL GAS 


NO. 12 PERFECTION POTTERY KILN 
Equipped With Kerosene Oil Burners 


B. F. DRAKENFELD & CO., Inc. 


50 MURRAY STREET NEW YORK, N. Y. 
ILLUSTRATED CATALOG MAILED ON REQUEST 
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PERSONAL 


BUT NOT 
CONFIDENTIAL 


From: Charles Engelhard, Inc. 


To: 


The man who uses base metal 
Thermocouples 


Subject: Economical ‘Thermocouples 


(1) 


(2) 


(3) 


(4) 


In 1913 we convinced the management of a large 


‘chemical plant that platinum thermocouples 


mounted in porcelain tubes were the economical 
ones forthem to use. The temperatures did not 
exceed 1600° F. The initial installation was six 
48” thermocouples. Six more were added in the 
following three years. All twelve have _ been 
working since then. 


The total cost of the 12 thermocouples was 
$778.— Allrepairs necessary to keep them in 
good condition since Mar. 6, 1913, amounted to 
$33-— 

Average cost of repairs per year $4.12 

Repairs expressed as a percentage of first cost= 
0.53% per year. 


At present prices the platinum wires in these 
couples would be worth as “scrap” about $170.— 
All of them are in calibration however, and ap- 
parently good for many more years of service. 


The excellence of the thermocouple is only one” 


of the reasons why Engelhard Pyrometers Are 
Good Pyrometers To Standardize On. 


Yours truly, 


CHARLES ENGELHARD, INC. 


30 Church Street, New York 
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Can You Use 


Feldspar or Quartz? 


Why not locate near unlimited supplies of raw materials, in a region provided with 
abundant electric power at attractive rates? 
Field investigations by our Company Geologist, thoroughly familiar with the mineral 


deposits of the region. 
For samples, maps and detailed information in regard to deposits, transportation 


and power apply to — 


CENTRAL MAINE POWER CO. AUGUSTA, MAINE 


VITREOUS ENAMELING FURNACES 


Utilizing Clark patented principle of intermittent and direct firing 
(The Surface Combustion Co.,—Sole Licensee) 


HAVE PROVEN MOST EFFICIENT 


Direct fired gas............ 1.0c 

Ww Semi-muffle gas .............. 1.4 

1.4 

Full muffle gas ............... 1.6 

Coal fired muffle.............. 1.7 

: Re The above table shows the comparative 
he BA AA SIS: = costs per hour, per cu. ft., of oven space 
heated, of the various types of enameling 
ERS furnaces now in use. 


Write now for full details and engineering data. 


Branch Offices: SURFACE Main Offices 
Chicago THE Gompustion CO. and Works: 


Philadelphia Engineers & Manufacturers of 360 Gerard Ave. 
Pittsburgh Industrial Furnaces forall purposes Bronx, N. Y. C. 


A WORD FROM THE MEMBERSHIP COMMITTEE. 


VERY MAN in the Ceramic field owes it to himself and to the 
industry to be a member of THE AMERICAN CERAMIC 
SOCIETY. 
The growth of the Society shows its increasing importance. Member- 
ship means influence and prestige for every man affiliated. 
The circulation of the ‘‘Journal”’’ is keeping pace with the growth of 
the Society and the advertising is increasing as well. Every member- 
ship received means greater possibilities in its work. 
For full information address — 


FRANK H. RIDDLE, Chairman JEFFREY-DE WITT CO., 
Membership Committee Detroit, Michigan 
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ZIRCON 
THE 
GREAT FLORIDA DEPOSITS 


Are owned by us. The largest and most unique 
plant of its kind in the world is producing Zircon 
of various grades, for use in Super-Refractories, 
Electrical Porcelains, Spark Plug Cores, Glazes and 
Enamels. 


Zircon is used to advantage in place of Silli- 
manite, Fused Silica, Alumina and Kaolin. 


Zircon needs no calcining, has permanent vol- 
ume and our best grade fuses above 4000 F. 


Send for Interesting booklet. 


BUCKMAN & PRITCHARD, INC. 


MINERS AND MANUFACTURERS 
MINERAL CITY, FLORIDA 


New York City Office, 94 Fulton Street 
Chicago Office, People’s Gas Building 
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Apply the val Bottle Principle 
To Your Kiln 


You know that the contents of a vacuum 
bottle will retain its heat for a long 
period. You also know that this is because 
the heat is unable to escape the wall of 
vacuum that surrounds the contents of 
the bottle. 

Sil-O-Cel laid up in the walls also over 
the crown of your kiln works on the 
same principle. It confines the heat to 
the tank which it is intended to perform, 
thus eliminating radiation losses. 


Bulletin A-5 will be sent without tn- 
curring any obligation to anyone re- 
questing a copy. Write our nearest 


office. 


CELITE PRODUCTS COMPANY 


MEW YORK. 11GROAQWAY CLEVELAND. GUARDIAN GLOG ST.LOUIS. 1552 OLIVE STREET 
DETROIT. GOOK BYKLOING ANGELES Van 
QUIVER BLOG MONADNOCK BLOG «SAN 


We are 
engineers to the 
clay-worker 


We have been 
in business since 


1879. 


You are invited 
to benefit by our 
extensive service. 
Our catalog will 
interest you. 
Write for it. 


4 ft. style ‘“‘B’’ Dry Pan 


The Crossley Machine Company 


Trenton, N. J. 1-22 


iil) 
| 
| Jae 
is 
| 
} 
| at Penotrati 
A 
> 
‘i 
Al 


AMERICAN CERAMIC SOCIETY 


15 


CHEMICAL STONEWARE 


—as manufactured by the 


GENERAL CERAMICS COMPANY 


is all that the name implies. 
There is no better Stoneware made for 


QUALITY—SERVICE—VALUE 


Write for descriptive bulletins 


| GENERAL CERAMICS COMPANY 
50 Church Street New York City 


Leading American Manufacturers of Acid-Proof Chemical Stoneware 


You reach the real buyers of the ce- 
ramic industry when you advertise 


your product in the JOURNAL. 
The BUYER’S GUIDE is being used as 


a constant reference. Your product 
should be listed there. Advertising rates 
are low, compared with the character 
and circulation. 


Why not write for full information? 
R. H. Minton, Metuchen, N. J. 


Chairman Committee on Publications 


L. R. W. Allison, Newark, N. J. 


Advertising Manager 


= 
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JOURNAL OF THE 


The 
TRUEST 
Combination 
of 
Accuracy 
Durability 


Robustness 


TAPALOG (Muliti-Recorder) 


Convenience 


PYROMETERS for Production or Research 


386 Concord Ave., 


Wilson-Maeulen Co., Inc. 


ENAMELLING FACTORIES! 


Have you ever considered how much you could save by buying 


MUSIOL 
PATENT of BORONLESS ENAMELS>? 


Try it, and you will find that thirty-five to fifty- 
five per cent and more of the total value of the 
fused enamels are represerted by the value of 
borax. 

If you will not continue this wastage write, please, 
for information. 


CHARLES MUSIOL, ENGINEER 


TECHNICAL BUREAU 


For INSTALLATION of ENAMELLING PLANTS 
16, Rue de la BIGORNE, BRUSSELS 
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If you want pyrometer protection tube satisfaction 


USE 
Montgomery Hard Porcelain Pyrometer Tubes 
Ali Sizes and Lengths for either Platinum or Base Metal 
Couples 
The Best Liked and Most Largely Used 
Protection Tubes on the Market today 
If the manufacturer of your pyrometer equipment cannot supply 


you, write us direct. TRADE MARK 


MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. S. A. 10-21 


BRICK MAKING MACHINERY 
OF THE STRONGER AND BETTER CLASS 


We specialize on Dies and Augers and to their adaptation to indi- 
vidual requirements. Automatic Cutters up to 12000 bricks per 
hour Capacity. 


CHAMBERS BROS. CO. ‘ccc'vecs' Philadelphia, Pa. 


4-22 


SOLE IMPORTERS OF 


ENUINE 
KRYOLIT GREENLAND 
FOR THE GLASS AND 
ENAMEL TRADES 


MANUFACTURERS OF 


NATRONA 
HYDRATE and OXIDE | Vi 
FOR THE GLASS, ENAMEL 

AND PORCELAIN TRADES 


And Other INDUSTRIAL CHEMICALS 


Pennsylvania Salt Manufacturing Co. 


MAIN OFFICES: 615 UNION ARCADE BLDG. 
PHILADELPHIA PITTSBURGH, PA. 


1-22 
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THE SEVENTH NATIONAL EXPOSITION 
OF CHEMICAL INDUSTRIES 


8th Coast Artillery Armory 
NEW YORK, WEEK OF SEPT. 12th to 17th 


q@ This will be the Prosperity Exposition: the great get- 
together convention to exchange thought and ideas and 
to compel the return of Prosperity the world so much 
needs. It rests upon you to do your part and come here. 


@ The new order of business requiring low costs for 
materials and production brings new problems for you. 
This Exposition will show you some of these, perhaps 
before you would normally come to them, and at the 
same time the solution therefor. 


@ It will show you the greater utilization of your raw 
material. 
It will point the way for the recovery of your waste and 
the development of valuable products from it. 


@ Through nearly all the exhibits and through the entire 
Program, the subject of waste recovery and utilization 
will be an important theme. 


@ Modern business operation demands that you must give 
careful thought to this phase in industry. 


No other place or opportunity can give you so complete 
a display of how to do these things and you owe it to the 
Nation, your firm and yourself to see these things at 


SEVENTH NATIONAL EXPOSITION OF 
CHEMICAL INDUSTRIES 


For further information address 
National Exposition of Chemical Industries 
342 Madison Avenue, New York 
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Chemicals, Colors 
Raw: Materials 


for 


Glass White Ware 
Enamel Decorating 
Refractories Tile 
Terra Cotta Brick 


THEEHH ARSH AW 
FULLER AND 
GOODWIN co. 


Cleveland 
Chicago New York Philadelphia 
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OR 


HUDSO# TERMINAL 
50 Church Street, New York. 


| 
| 
- 4 WHEN YOU. UIRE, ONE BE SURE IT’S AN 
A SIZE FOR EVERY NEED. 
FOR THE LABORATORY 
ABBE PEBBLE MILL (Patented) 
> Our. patented manhole frame is a feature 
WRITE FOR FURTHER PARTICULARS AND AULLETINS 
|) ABBE ENGINEERING COMPANY 
1-22 
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